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1.  This  report  is  a  first response  to  the  request  of  the 
European  Parliament  for  regular ·reviews  by  the  Commission  of  the 
state of  science and  technology in Europe. 
It draws  on  wide-ranging  sources  of  information  and  assessment, 
notably:  the  Parliament  itself,  the  science  and·  technology 
administrations  in the member states,  the committees  specifically 
established  to  advise  the  Commission  on  research  requirements,· 
the  views  of  the  independent  evaluation  panels  on  Community 
programmes,  systematic .monitoring of the scientific and  technical 
press  and  scientific meetings,  as  well  as  ongoing  work  in other 
international organisations. 
The  Commission  intends  to  update  the  report  during  1989. 
Thereafter it should  be  published at two-yearly intervals. 
2.  The  main  aim  of  the  report  is  to  provide  a  factual 
basis  for  further  reflection,  both  inside  and  outside  the 
Community  institutions,  on  Europe's  needs  in  science  and 
technology  and  how  best  they  can  be  satisfied.  It  does  n.ot; 
however,  attempt  to  identify at what  level or in which  framework 
at  national  or at  transnational  level  action  in  specific  fields 
·could most beneficially be  taken. 
3.  The  tentative picture emerging  from  this first report 
can be  summarised as  follows: 
<i>  A  good  deal  has  already been  done  to  improve 
the  European  situation  by  increased  efforts  in  spending  on 
research  and  development  and  in improving  industrial  performance 
through  innovation.  But  the  effor~s  are  still  unbalanced  and 
fragmented.  Three  Member  States  <Germany,  France  and  the  United 
Kingdom>  account  for  three~quarters of  total  spending  on  R  and  D 
in  the  Community;  and  regional variations  are acute.  Cooperative 
transna  tiona!  actions  <Community  programmes,  · EUREKA,  COST,  ESA, 
CERN  etc>  account  for  only  a  · small  percentage  of  the  total 
research effort;  · 
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< ii  >  European  efforts  are  in  case  well  below 
those  of  our  major  competitors  (the  USA  and  Japan>  ·who  are  both 
spending  more  and  also  taking  action  to  remedy  their  own 
weaknesses.  Europe's  position  is  also  threatened  by  the  new 
efforts  of  emerging  science  and  technology  powers  <the  NICs  in 
particular>; 
<iii>  Europe  faces  three main  challenges: 
0 
to  increase  its  capacity  to  develop  and 
pursue,  where  necessary,  its  own 
technological  and  economic  options; 
to  strengthen  its 
competitiveness,  especially  in 
which  will  take·. on  increasing 
the future; 
international 
those  fields 
importance  in 
to  meet  the  social  need  for  improved  quality 
of life. 
<  i v >  Europe  has  the  resources  to  meet  these 
challenges.  It is  rich  in  scientific  talent  and  organisational 
ability.  And  in  its  present  economic  situation it can  afford  to 
invest more  in  R&D.  The  question  is  how  to  get the best out  of 
these  resources  and  in which  areas  to  focus  the effort. 
<v>  Getting  the  best  out  of  European  efforts 
entails  addressing  a  series of  issues:  ensuring  that science  and 
technology are  understood and accepted at all levels of  European 
society;  overcoming  imbalance  and  fragmentation  by  better 
coordination  and  by  ensuring  an adequate  basis  for  technological 
progress  in  the  less-favoured  countries  and  regions;  encouraging 
the  spread  of  technology  skills  throughout  society;  attracting 
more  private  sector  finance  and  facilitating  the  diffusion  of 
technology  throughout  industry;  encouraging  the  links  between 
industry  and  universities;- as  well  as  exploiting  the  scope  for 
international  collaboration  in  those  areas  where  there  are 
eviden~ mutual  benefits. 
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<vi>  .As  far  as  research  areas  are  concerned,  ~he 
report  highlights  five  areas  of  major  relevance  to  the  European 
economy: 
information  technology  and  telecommunications  a 
particular  research  effort  is  needed  to  improve  the 
situation.of. the  European  semiconductor industry.· 
new materials  and  technologies  for use in manufacturing 
industry  - superconducting  materials  are  particularly 
promising. 
- aeronautics,  where  Europe 
co~petitive challenge. 
faces  a  particuiar 
- biology  and  biotechnology  which  offer  the  prospect  of 
major  transformations  in  industry  and  agriculture  as 
·well  as.  in  the  medical  field.  Specific  efforts, 
however,  are  needed  on  basic  plant  biology,  g~ne­
mapping1  neurobiology and  biotechnology applications. 
energy  1  where 
outside sources 
longer-term and 
renewables  and 
shorter-term. 
Europe  remains  highly  dependent 
of  supply  - fusion is important  for 
carefully targetted research on  new 
energy  saving  technologies  in 
on 
the 
and 
the 
In terms  of  the quality of life there are major  resear~h needs  in 
.the  fields  of  environment,  health research and  industrial  1  road 
and  nucle.ar  safety.  In  environment.  some  of . ·the  research 
requirements  have .a  global  dimension.  Europe  has  the  capacity as 
well  as  the  need  to  make  a  major  contribution  to  the  study  of 
Global  Climate  change.  · 
Pnderpinning these efforts in specific fields  Europe must  sustain 
and  develop  its  capacity  in  basic  research  to  provide  the 
seedcorn for  new  technological  openings. 
4.  There  follow  summaries  of each chapter of the report. 4 
I:  SCIENCE  AND  TECHNOLOGY  AND  EUROPE'S  ECONOMIC  AND  SOCIAL  NEEDS 
5.  Despite  substantial  progress  in  recent  years,  Europe 
remains  weak  in  a  number  of  the  science-based  sectors  which  are 
growing  r.apidly  world-wide.  This  specific  weakness  reflects  a 
technological  dependence  iri  key  areas.  Electronic  components  is 
a  particularly important  case. 
The  more  traditional  sectors  of  manufacturing  industry  continue 
to  account  for  higher  shares  of  GOP  than  in  the  USA  and  Japan. 
Some  of  them  have  made  real  progress  in  modernising  through  the 
application  of  new  technologies.  Textiles  is  one  example. 
Others,  such as  the  paper and  board processing industry,  or parts 
of  the  machine-tool  industry  have  been  less  successful.  Even 
those  that  have  radically  improved  their  position  through 
automation  and  innovation  <eg.  automobiles>  face  increasing 
competition.  One  successful  company  strategy  in  a  number  of 
industries  has  been  to  seek  .the  capture  of  the  top-end  of  the 
market through technology. 
Major  efforts  continue  to  be  needed  to  improve  the  technological 
position  of  European  industry  and  to  seize  the.  opportunities 
offered  by  scientific  and  technological  advance.  Progress 
towards  completion of the  Internal Market will help to create the 
.. right  framework  conditions.  But  it needs  to  be  accompanied  by 
~~ecific efforts in the  RTD  field. 
6.  Improvement  'in  the  quality of  life  - the  environment, 
health,  safety  are  also  increasingly  important  concerns 
throughout  Europe.  Developments  in  science  and  technology  are 
opening  up  new  opportunities  for  tackling  theie  problems  in  an 
effective and  economic  manner. 
7.  Europe  needs  a  broadly-based  scientific  and 
technological  capability  to  respond  to  the  twin  needs  of 
increased  competitiveness  and  a  better  quality  of  life.  This 
means  being  able  to  choose  and  to  develop  its  own  technological 
options  where  this  seems  appropriate.  A  fundamental  research 
capability is  particularly important.  Fundamental  research  is 
increasingly  recognised  internationally  as  the  provider  of  new 
openings  and  ideas  and  a  key  factor  in  conditioning  the  pattern 
of  economic  and  social development  longer-term. 
8.  The  acquisition and  maintenance of  such  a  broadly-based 
scientific  and  technological  capacity  is,  however,  increasingly 
expensive:  science  is  developing  at  an  accelerating  pace  with 
ever  shorter periods  of  time  over  which  to depreciate  investment 
in  R&D.  This  underlines  the  importance  of.  the  most  cost-
effective  solutions  to  the  organisation  of  R&D,  avoiding 
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fragmented  efforts.  It  also  means  that  the  broadest  possible 
market  is  needed  for  the. coltliUerG,ial.i,.sc;ition  of  .th.e. products . of 
research and  development. 
II:  EUROPEAN  SCIENCE  AND  TECHNOLOGY  IN A  COMPARATIVE  PERSPECTIVE 
9.  European  efforts  have  to  be  set  against  the  changing 
international  environment.  Our  main  competitors  (the  USA  and 
Japan>  have  been  making  their  own  adjustments  to  changing  needs 
while  new players are 'becoming  increasingly important or could be 
so over the coming  years  <the  NICs,  the Soviet Union,  China). 
10.  European  spending  on  R&D  is  still well  below  that  of 
the  USA  in absolute  terms  and  below the  USA  and  Japan as  a  share 
of  GOP.  US  spending  in  volume  is  1.75  times  that of  the  Member 
States of the  European  Community  combined,  and  research intensity 
<R&D  spending  as  a  proportion  of  GOP>  is  only  1 . 9%  in  the 
Community  compared  with  2 . 8%  in  the  USA  and  2.  6%  in  Japan. 
Germany  alone  has  a  research. intensity  (2.8%>  comparable  to 
·  ... Europe's  competitors.  Even  when  defence  spending is excluded  US 
expenditure  remains  significantly  higher  than  the  European 
average. 
In  both  the  USA  and  Japan  business  also  invests  and  carries  out 
more  of the  R&D  than in Europe. 
Both the  USA  and Japan  have  larger numbers  of  research scientists 
and  engineers  in  their  labour · forces;  the  growth  in  Japan  has 
been striking. 
The  United States 
11.  The  high level of defence R&D  in the USA,  half of which 
is  contracted out  to  industry,  is a  potent  factor  in mobilising 
resources.  The  precise  level  of  spin:...off  to  the  civil  sector 
from  military R&D  in general  and  from  SO!  in particular,  is hard 
to  assess.  . But  there  have  been· undoubted  major  benefits  in  the 
fields  of  materials,  aircraft  engineering,  vehicle  technology, 
computer  technology  and  systems  engineering.  The  shift  during. 
the  1980s  of  much  military  R&D  towards  development  work  tailored 
to  the  needs  of  more  fundamental  and  applied  research  has, 
however,  raised  some  concern  in  the  USA  about  reduced  industrial 
impact. 6 
12.  This  has  coincided  with- worries  about  the 
competitiveness  of  US  industry  and--- US ---technological-dependence,-
notably  vis-A-vis  Japan.  The  Reagan  Administration  has  taken 
initiatives  to  encourage  American  industry  to  cooperate  in  the 
face  of  this  challenge  and  to  increase  the  transfer of  knowledge 
from  Federal  programmes  to  industry.  These  have "been  combined 
with  a  more  restrictive approach  to  the wider availability of  the 
results of  research. 
13.  A  third  concern  in  the  USA  is  the  prospect  of  a 
shortfall  of  perhaps  500,000  scientists  and  engineers  by  2010 
because  of  demographic  trends  and  the  pattern  of  university 
enrolment.  One  issue  is  the  encouragement  of  foreign  students 
<especially  those  from  the  Pacific  Basin>  to  stay on  in  the  USA 
after graduation.  At  the post-doctoral level there are likely to 
be  increased  pressures  to  "poach"  skilled  R&D  personnel  from 
abroad,  especially from  Europe. 
Japan 
14.  The  importance  of  basic  research  continues  to  be 
recognised  in  the  USA:  it is  the only sector of  Federally-funded 
civil  R&D  to  have  increased  in  recent  years.  .  In  Japan,  where 
economic  success  has  been  founded  essentially  on  the  absorption 
and  transformation. of  foreign  technology,  efforts are  now  under 
way  to  build  up  a  capacity  in  basic  research,  reflecting  a 
perception  that  this  will  be  essential  in  opening  up  new 
technological  options  for  Japan  in  the  longer-term  and  enabling 
it to  stay  one  step  ahead.  Already  Japan  has  strengths .in,  for 
example  biotechnology,  new materials  and  neuro-computing. 
This  interest  in  basic  research,  and  the  need  to  respond  to 
concern  about  the  closed  nature  of  the  Japanese  science  and 
technology  system,  has  led  to  new  openings  in  international 
collaboration,  including the  Human  Frontier Science Programme. 
Emerging  Science and  Technology Powers 
15.  The  most  dynamic  NICs  are planning a  substantial growth 
in  R&D  spending and  strategies for  the development of  large cadre 
of  highly qualified personnel,  as  they themselves  face  challenges 
from  other  industrialising  countries.  Korea  in  particular  is 
making  efforts  in  this  direction.  Other  emerging  science  and 
technology powers  include Taiwan,  India,  Brazil and  Israel. 
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China  is  making  particular  efforts  to  improve  its  science  and· 
technology  capability  and  major  research  programmes  have  been 
· ·launched~ 
Developments ·  in  the  Soviet  Union,  which  has  the  largest 
scientific  establishment  in  the  world  and  significant 
achievements  in,  for  example,  aspects  of  space  technology, 
mathematics  and  theoretical  physics,  will  depend  heavily  on  the 
success  of  the  policy  of  restructuring  <perestroika>  and  its 
impact  on  the  deployment  of  scientific  resources  to  the  civil 
economy. 
III: MOBILISING  EUROPE'S  RESOURCES 
R&D  spending  <public  and  private> 
16.  Within  Europe  there  are  major  national differences  in 
levels  of  investment  in  R&D;  in  the  relative  importance  of  the 
public  and  private sectors;  and  in the distribution of  resources 
among  research sectors. 
Three  countries  <Germany,  UK  and  France)  account  together  for 
over  three-qu~~t~·P?.  .. oJ  .. J:Q~ale,  .. pub  .. lic a,I\d  P.iiyat!3  spending  on  R&D 
in  the  European  Community.  ·  Germany  has.  by  far· ·the  lrighest 
research  intensity  and  the  highest  number  of  researchers  in its 
labour  force.  Industry  also  plays  a  bigger  role  in  both  the 
financing  and execution of  R&D  in Germany than elsewhere ..  In the 
less  favoured  Member  States  the  public  sector  is  by  far  the 
predominant  source of  R&D  finance. 
17.  Regional  disparities  are  larger still. 
is  of  the . order  of  12:  1  . between  the 
. and  much  greater  at  a  sub-national 
gap  between  the  · developed ·  and  the 
much  wider than the economic gap. 
intensity 
themselves 
technology 
regions  is 
Government  policies and  public  funding 
The  gap  in  R&D 
Member  States 
level.  This 
less--:favoured. 
18.  In  the majority of  Member Sates  public  R&D  ~udgets have 
grown  during ··the  1980s,  although  there  has  been  some  recent 
tailing off. 
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19.  Defence  R&D  is  particularly  important  in  the  United 
Kingdom  <around  50%  of  the  total  public  finance>  Cin.d  ..  France 
( 34%),  and  to  a  lesser  extent  Germany  ( 12.5%).  Elsewhere  the 
shares  are  much  smaller  and  in  some  cases  negligible.  The  wide 
differences  in defence  R&D  make  coordination of national policies 
on dual-use  technologies particularly difficult. 
20.  Some  countries  give  particular  emphasis  to  the  public 
funding  of basic research  <Germany,  France and  the Netherlands  in 
particular>.  In  others,  public  expenditure  constraints,  the 
rising  cost  of  basic  research,  increased  emphasis  on  measurable 
cost-effectiveness  and  urgent  need  to  improve  competitiveness 
have  led to a  new emphasis  on industrially-oriented research. 
European Cooperation and  Coordination 
21.  Transfrontier cooperation in Europe,  involving industry 
as  well  as  universities,  has  increased  significantly in the  past 
few years.  The  experience has  been overwhelmingly positive.  The 
Community's  own  cost-sharing  programmes  have  been  overscribed, 
reflecting  a  widely  felt need  for  collaboration,  especially at  a 
time  when  pressures  on  national  budgets  have  been  growing.  The 
experience  of  EUREKA  213  announced  projects  involving  800 
organi·sations,  two-thirds  of  them  industrial  is  further 
evidence of this thirst for  a  transnational approach. 
22.  The  share of  the total European research effort that is 
handled  through  these  cooperative  ventures  remains,  however, 
small.  The  total  cost  of  projects  supported  through  the 
Community's  programmes  is  equivalent  to  about  4%  of  total 
estimated  EC  public and  private spending on civil research.  Even 
taking  into  account  the  other  major  European  ventures  -EUREKA, 
ESA,  CERN,  EMBL  etc.  - the vast bulk of  research  continues  to  be 
financed  and  carried out  at national  level,  a  large  share  of  it 
through national budgets. 
23.  The  need  to  identify  precisely  wheLe  excessive 
duplication  and  overlap  occur  among  these  national  efforts  is. 
pressing.  Efforts  are  being  made  within  CREST  to  improve  the 
information  base  and  to  "confront"  national  policies.  In  the 
light  of  further  progress  in  this  forum,  the  Commission  intends 
to  focus  particular attention  on  duplication  and  overlap  in its 
forthcoming  reports  on  the state of  science and  technology. 9 
IV:  RESEARCH  ISSUES  FOR  THE  FUTURE 
24.  The  research  . needs  of  Europe  reflect  the  three 
challenges described in Chapter I: 
to · improve  international  competitiveness,  notably  in 
the context of  the  completion of  the Internal Market; 
to  respond  to  the  needs  of  soc·iety  by  improving  the 
quality of life; 
o  to  increase  the  Community's  capacity  to  develop  and 
pursue,  where  appropriate,  its  own  technological  options, 
drawing  on  the  opportunities  offered by  a  solid  fundamental 
research capability. 
The  following  is  not  an  exhaustive  list. 
areas  where  particular  efforts  are  needed 
supplement  ongoing  or  planned  activities 
public bodies  (national and transnational>. 
Improving Competitiveness 
It  concentrates  on 
to  complement  or· to 
by  industry  and  ·by 
25.  There  are  significant  r-esearch  needs  in  five  ares: 
information  technology  and  telecommunications,  industrial 
materials  and  technologies,  aerospace,  biological  sciences  and 
energy. 
26.  The  European  information  technology  industries  are  in. 
better  shape  than  at  the  beginning  of  the  1980s.  But  the 
negative  balance  of  trade in IT  products  is  large  (13.4  milliard 
US$  in  1986>,  reflecting  dependence  in  the  fields  of  electronic 
components  in particular. 
Research  is  needed  to  give  Europe  the  capacity  to  master  and 
develop the next generation of memory chips based on circuity for 
feature  series  below  0. 5  micron.  A  significant  cross-border 
collaborative project  (JESSI>  is currently under discussion among 
European manufacturers. 
Progress  . is  also  needed  in  software  and  advanced  information 
processing  and  in  peripherals  <flat  panel  displays  and  optical 
storage technologies>  where  Europe's position is weak. 
More  basic research .is required on questions  such as  the security 
and  reliability  of· computers,  computer  languages  and  machine-
learning;  as well  as  prenormative work  to prepare the integration 
of  IT  systems  designed  for  a  wide  range  of  services  <intelligent 
banking and  financial  services etc.). 
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27.  - In  telecommunications  Europe's  relatively  favourable 
position  could---be ---threatened---by--continuing-- weakness. in- the 
electronic components  sector,  the spiralling costs of  R&D  and  new 
technological  and  market  challenges  (such  as  the  digitalisation 
of  networks,  developments  in broadband  networks>. 
Research-· is  needed  on  a  wide  front,  including  better  network 
management  systems;  specific  electronic  and  opto-eletronic 
components;  new materials  and  software tools. 
28.  A  significant  research  effort will also  be  required  in 
- the development,  coordination and  integration of  technologies  for 
the  application of  IT  and  telecommunications,  including  language 
technologies. 
29.  Manufacturing  industry  currently  provides  30%  of 
Community  GNP  and  employs  75%  of  the  industrial  work  force  of 
some  41  million.  A  general  need  is  to  ensure  the  diffusion  and 
application  of  available  new  technologies  by  this  sector.  In 
parallel  a  major  research  effort  continues  to  be  necessary  to 
open  up  new  technological possibilities for European  industry and 
to  solve  particularly  pressing  problems.  Areas  of  particular 
interest include:  -
0 
techniques  for  guality  _ control  <which  can  cost- up  to -
25%  of  company  turnover> 
techniques  for  shaping,  joining and  assembly 
surface  treatment  to  prevent  corrosion  <which  can  cost 
up  to  4%  of  GNP> 
powder  technology,  which  is  a  particularly  large  and 
high-~alue market 
other  high-value  materials,  such  as  metal  composites 
<already  being  developed  for  ceramic-:-reinforced  light 
alloy pistons>  · 
A  concerted  research  effort  on  superconductinq  materials  is 
particularly  necessary.  Large  financial  resources  are  being 
mobilised in the  USA  and  Japan. 
0  norms  and  standards.  Prenormative  work  is  needed  in  a 
number of areas,  including lasers. 
30. ·  In  aeronautics  the  European  industry  has  had  major 
successes,  capturing  (1980-1986>  23%  of  the civil and  27%  of  the 
military world market.  But  sharply increasing competition can  be 
expected  over  the  next  10-15  years,  not  only.  from  the  USA  but 
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also  from  Japan  ~nd industrialisjng  countries  such  as  Korea  and 
·BraziL--------The- US·  remains --in-a·- particularly -favourable·  position 
because  of  the  large  home  market.and  the  spin-off  from·military 
programmes. 
The  future  commercial  success  of  the  European  aeronautical 
industry will depend  heavily on  advanced  technology.  In  order to 
prepare  for  the  1990s  and  beyond  Europe  the  need  is  for  broadly-
based  collaborative  efforts  focussed  on  aerodynamics  and  flight 
mechanisms,  materials,  acoustics,  computation,  airborne  systems 
and  equipment,  propulsion  integration  and  design  and 
manufacturing technologies. 
31.  The  future  market  for  biotechnology  products  .is 
difficult  to  quantify  precisely;  but  worldwide  the  biological 
sciences  are  recognised  to  offer  the  prospect  of  major  economic 
and  social  impacts  <through  environmentally  "clean" 
transformations  of  agricultural  and  industrial  productivity; 
progress  in  .pharmaceuticals,  chemistry  and  medical  science; 
improved  understanding  of  the  brain,  with  its  implications  for 
computer  design  as  well  as  its  impact  on  psychology  and 
psychiatry>. 
Four areas of  research merit particular attention: 
•  basic plant biology.  Without  a  better understanding of 
key  structures  and  functions  within  plants  it will  not  be 
possible.  to  make  significant  adyances  in  application 
technology; 
o  gene-mapping of  complex  organisms.  For agriculture and 
industry  the  detailed  mapping  of  the  genes  of · important 
microbial  plant  and.  animal  species  is  an  essential 
complement  to  the  work  on  basic  plant  biology.  For 
medicine,  a  better  understanding  of  the  human  genome  is  as 
-necessary to the continuing process of medicine  ~s knowledge 
of  human  anatomy is to its present state.  This  is ·laborious 
and  expensive  work..  Major  international  ·efforts  are 
underway.  Europe has  experience on which  to build; 
o  neurosciences,  where  efforts  are  already  under  way  to 
coordinate  some  national actions; 
industrial  and  ·  agro-industrial  ·applications·  • 
. Particular  research  efforts  will  be  needed ·  by  the 
pharmaceuticals  industry  to  maintain  its  good  competitive 
position,  in  the  face  of  growing  competition  and  the  cost 
and  time-scale  needed  for  the  development  of  new  products. 
Researc~ is also needed  on  improved  food  technologies  and  on 
nutrition itself. 
12 12 
32.  The  energy markets  are  currently  slack,  with  plentiful 
supplies  on  world  markets.  But  Europe  .. remains  .. heavily  .. dependent  ......  . 
on  third  countries  for  supplies,  particularly  of  oil,  which  is 
still the largest single element in the Community  energy balance. 
There  is  a  continuing  need  to  ensure  adequately  diversified 
energy  supply  and  efficient energy  use  and  to  reduce  as  far  as 
possible  the  impact  of  energy supply  and  use  on  the  environment. 
Two  lines of  research remain of particular importance: 
contro1led nuc1ear fusion,  which offers  the prospect in 
the  next  century  of  an  environmentally  acceptable, 
practically inexhaustible,  geographically independent source 
of  supply.  Europe is already playing a  leading role; 
research  on  selective  non-nuclear  energy  technologies 
and  technologies  for  improving  energy  use  which  offer  the 
best prospect of exploitation on  a  wide  scale. 
Improving  the Quality of Life 
33.  Science  and  technology  have  fundamental  roles  to  play 
in  devising  rational  and  effective  environmental  policies. 
Continuing  research  efforts  in  Europe  are  needed  under  three 
interdependent headings: 
- understanding the basic phenomena 
- detection and  interpretation of  environmental  changes 
- prevention. 
A  scientific  approach  to  understanding  the  complex  interactions 
of  the  many  complex  sub-systems  <the  stratosphere,  the 
atmosphere,  soil,  inland  water,  the  sea>  would  have  been 
unthinkable  a  few  decades  ago.  But  progress  in  basic 
mathematics,  in analytical techniques  and  technologies  {including 
remote  sensing  from  space>,  together  with  the  huge  capacity  to 
handle  information through  advanced  computing,  now  makes  this 
possible. 
Some  of the problems are particular to Europe  in a  regional  sense 
and  require  European  level  efforts.  Action  is  under  way  both 
through  the  Community  programmes,  COST  as  well  as  EUREKA 
projects.  Good  coordination among  these projects is essential. 
The  most  complex  issue  of  global  climate  change  and  the 
"greenhouse  effect",  however,  is  an  issue  with  truly  global 
dimensions.  Europe  has  the  capacity  to  make  an  important 
contribution  to  the  International  Geosphere-Biosphere  Programme 
<Global  Change>. 13 
34.  In  the  field  of  health,  Europe  is  faced  with  sharply 
rising health  care  costs  <a  world-wide. phenomenon>;  a  "greying" 
of  its  population,  with  the  consequent  increase  in  age-related 
diseases;  and  growing  problems  posed,  in particular,  by AIDs  and 
cancer .. 
European  research  in  the  medical  field  suffers  from  particular 
fragmentation.  This  is  an  area  where  the  value  of  concerted 
action  across  national  frontiers  has  already  been  clearly 
demonstrated.  The  essential  need  ·is  for  more  of  the  same  in 
tackling  the  problems  described  above,  as  well  as  continuing 
research  on medical  technology. 
35.  In  the  field  of  industrial  technologies  and  materials 
increasing attention will have  to be  given  to safety issues.  R&D 
has  an  important role to play in the development of  common  safety 
standards  in particular for  new  technologies  such as  lasers. 
The  potential  contribution  of  R&D  to  long-term  road-safety 
through  the  development  of  .the  "intelligent"  car  and  the 
infrastructure  to  support it,  is also considerable.  Cooperative 
efforts  are  already  under  way  in  Europe  to  address  these  issues 
<the  DRIVE  programme  in  the  Community,  and  PROMETHEUS  and  other 
projects  inside  EUREKA>.  There  is  an  obvious  need  for  good 
. coordination  among .ftll  these  projects  to ensure optimal  resource 
allocation.  · 
36.  Continuing  attention will  need  to  be  paid also to work 
on  the  safety  of  nuclear  fission.  In  addition  to  research  on 
reactor  safety,  the  safety  of  the  fuel  cycle,  radioactive waste 
management  and  storage,  the  safety of dismantling nuclear plants 
at  the  end  of  their lives,  a  particular effort will  be  required 
to  increase  public  confidence  about  radiation  protection.  This 
requires  both  research  work  itself and  efforts  by the  scientific 
community  to·present  the  issues  in  a  way  which  is.accessible  by 
the general public. 
37.  Bioethics  are  attracting growing  attention world-wide. 
A  particular  effort  is  needed  at  Community  level  in  particular 
because of  the importance  for the  Internal Market of  a  harmonised 
regulatory  environment.  Ethical,  societal  and  juridical 
considerations  must  accompany  science  and.  precede  technological 
development. 
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Fundamental  Research  - the  Essential Underpinning 
38.  _  Fundamental  research  is  continuing  to  open  up 
significant  new  opportunities  through  progress . in  mathematics, 
physics,  chemistry and  the earth sciences. 
The  theory of  non-linear mathematics  - pioneered  in  Europe  - has 
pervasive  applications,  opening  up  prospects  such  as  the  all-
optical  computer,  advanced  modelling  of  climatic  change  or 
significant  improvements  in  the  functioning  of  the  internal 
combustion engine. 
In physics there are strong points  in the  European situation,  but 
also  some  weaknesses:  the  efforts  on  laser  science  and 
technology,  for  example,  are  not  on  a  par with  those  in the  USA, 
despite  some  significant multinational efforts. 
Europe  occupies  a  good  position  both  in  basic  chemistry  and  on 
the  market  for  chemistry-based  products.  But  there is  a  problem 
in recruiting a  sufficient number of high quality students. 
In  earth sciences  good  European  coordination is being assured  by 
the  European  Science  Foundation.  In  oceanography  the  USA  is 
leading  the  field.  Some  aspects,  such  as  the  study  of  the 
coastal  zone,  the  interface  between  the  ocean  and  the  atmosphere 
. will  be  pursued  through  the  Community's  MAST  programme  and  the 
EUREKA  project  EUROMAR. 
Earth  observation  from  space  is  of  major  potential  significance 
for the earth sciences. 
39.  Within  Europe  there  are  already  several  multinational 
ventures  for  the  common  pursuit of  Big  Sciences  CCERN,  ESO,  ESA, 
EMBL,  ESF,  etc. >1.  There  is  growing  collaboration  amongst 
themi  which  must  develop  further.  Increased  collaboration  with 
Community  programmes  is  also  desirable  so  as  to  maximise  the 
industrial  and  commercial  spin-offs.  Space research is one  area 
of particular importance. 
40.  There  are  also  outstanding questions  related to access 
to  advanced  middle-size  research  devices  in  Europe  and  the 
development  of  expensive  scientific  instrumentation.  Given  the 
cost  of  sophisticated  facilities  it is  not  feasible  to  imagine 
1  CERN  - European  Centre  for Nuclear Research 
ESO  - European  Organisation  for Astronomical  Research 
in the Southern ·Hemisphere  · 
ESA  - European  Space Agency 
EMBL  - European Molecular Biology Laboratory 
ESF  - European  Science Foundation 
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that  they  can  be available in every  European  country.  Particular 
attention will  be  needed  to  provide  a  . framework  for  cooperation 
among  national teams. 
.  . 
V:  KEY  ISSUES  FOR  SCIENCE  AND  TECHNOLOGY  POLICY  IN  EUROPE 
41.  Alongside  the  research  needs  themselves  there. are  some 
broader policy questions  of particular importance: 
( i)  the  balance  of  effort  between  fundamental  and  applied 
research across  Europe 
One  theme  of  this  report  is  that  a  sound  capacity  in 
fundamental  research  is  essential  to  Europe  in  its  pursuit  of 
technological  and  economic  independence.  .  ·This  is an  area  where 
public  authorities  have  a  particuLirly  important  role.  But  in 
the  funding  and  execution· of  basic  research  industry  too  has 
. evident  self-interest.  Iri  the  USA  much  of  this  research  is 
funded  by industry. 
.  . 
<ii>  the links between industry and the universities 
These  have  been  growing_  world-wide,  with  industry  driven 
increasingly to  tap  scientifi'c  knowledge  and  universities driven 
by financial constraints.  The  trend is a  desirable one,  with  two 
caveats:. namely,  that  it  should  not  jeopardise  the  pursuit  of 
fundamental  research in universities and that restrictions on  the 
dissemination of  researc~ results should be minimised. 
<iii)  broadening and deepening the technology culture 
The ·most  successful  economies  in  recent  years  have  been 
those  that  have  sought  actively  to  develop  on  a  broad  base  the. 
human  skills  required  both  to research,  to develop,  to apply and 
to use  technology~  Japan is the best example.  Europe·as  a  whole 
is  in  a  weaker  position.'·  There  is  shortage  firstly,  of  skilled 
manpower  trained to use  the  new  technologies;  while  the output of 
research  scientists  and  engineers  to  develop  and  apply  the 
technologies  is  insufficient  in.  many  countries.  An  added 
difficulty  is  that  the  brightest  and  the  best  in  Europe  are 
often  attracted  across  the  Atlantic.  Particular attention will 
be  needed  to  ways  of  increasing  the  supply  of  skills  and  to 
provide  an  environ~ent  in  Europe  that  is  attractive  to  highly 
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qualified  scientists.  This  means  removing  the  barriers  to 
mobility of  research workers  between  European countries. 
<iv>  Public acceptability of science and technology 
Public  concern about  new  technologies is often based  on  fear 
of  the  unknown.  It is  important  both  for  democracy  and  for  the 
pursuit of scientific knowledge  that popular understanding of  the 
issues  should  be  improved.  This  will  help  to  ensure  that 
informed  choices  are  made  and  a  sound  regulatory  environment 
established.  The  information  effort  in  many  European  countries 
is still inadequate. 
<v>  Encouraging the private sector to invest more 
Industrial  investment  in  R&D  is  still  too  low  in  many 
markets  are 
and  they 
European  countries.  The  venture  capital 
insufficiently  developed  in  many  countries  are 
at 
for 
essentially  national.  Action  is  needed  at  na  tiona  1  and 
transnational  level  to  ·improve  the  access.  to  finance 
innovation. 
<vi>  The Diffusion of Technology 
.  As  well·  as  opening  up  new  frontiers  through  research  and 
development,  Europe  needs  to  exploit  more  rapidly  the 
technologies  that  are  already  coming  on  the  market  or are  about 
to  do  so.  Here  Japan  in  particular  has  a  head-start.  Some 
Member  States  <in  partic'ular  Denmark>  have  made  considerable 
efforts  to  promote  a  wide  diffusion  of  technology.  Others  less 
so.  Community-level  action  has  a  helpful  role  to  play  <notably 
the  SPRINT  programme).  But  more  could  be  done  to  spread 
information  about  available  technologies  and  the  results  of 
research and  development. 
(vii>  Policy Coordination and  (viii) Cohesion 
Particular efforts are needed to improve  the coordination of 
science  and  technology  policies  in  Europe.  At  the  same  time 
steps  must  be  taken  to  improve  the  ROT  fabric  in  the .less-
favoured  regions  so  as  to  enable  them  to  achieve  a  .level  of 
excellence comparable to that of the more developed.  This  cannot 
be  done  without  the  provision  of  infrastructure  and  trained 
personnel.  Regional  and  social  policy  instruments  could  be 
appropriately used  to this end. 
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(ix>  Cooperation with Third Countries 
Science  and  technology  are  increasingly  international 
commodities  and  further  internationalisation is  inevitable.  The 
issue  is  how  best  to  organise  cooperation  in  such  a  way  that it 
can  be  a  "positive-sum"  game  in  which  everybody  benefits.  The 
approaches  must  depend  on  the  situation  of  individual  countries 
or regions. 
The  European  Community has  a  particular interest in close science 
and  technology  links  with  other  EFTA  countries  where  good 
relations  are  already  established  through  COST,  bilateral 
agreements  as  well as  EUREKA. 
There  is  scope  for  improved  cooperation  with  the  USA.  It would 
also  be  appropriate  to  take  advantage  of  Japanese  openings  to 
examine  the  scope  for  mutually  beneficial  cooperative  ventures, 
especially those involving expensive,  long  lead-time research. 
As  far as  developing countries are concerned  Europe  has  a  role to 
play  in  tackling  the  specific problems  of medicine,  agriculture, 
energy  and  the  environment  which  they  face.  The  wider 
consequences  for the  LDCs  of scientific advances  in materials  and 
biotechnology  are  also  of  significance  and  will  need 
consideration in Europe as well as at an international level. 
Further  reflection  is  needed  on  the  potential  scope ·for  RTD 
cooperation  with  the  Soviet  Union  and  Eastern  Europe,  given  the 
new  developments  in  relations  across  the  European  continent;  and 
also  on  the  appropriate  form  for scientific cooperation with  the 
NICs. 
<x>  Avoiding technological protectionism 
The  longer-term  benefits  of  RTD  cooperation  at  an 
international  level can only be  fully realised if the transfer of 
knowledge  and  technology  is  facilitated.  But  the 
"industrialisation"  of  research  and  the  grow,Lng  importance  of 
science  to  trade  flows  has  increased  the  pressure  to  restrict 
flows  of  information  in  order  to  preserve  competitive  edge. 
Policy  developments  in  the  USA  in  this  respect  will  need· 'to  be 
carefully monitored. 
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INTRODUCTION 
The  Background  and Objectives 
1.  In  its  most  recent  report  on  the  technological 
challenge  facing  Europe  1,  the  European  Parliament  invited  the 
Commission  to  give  an  account -of  the  European  situation  in  the 
various  fields  of  science  and  technology  as  a  basis  for 
considering future policy requirements. 
2.  The  importance attached by the Parliament  to this issue 
reflects a  widespread recognition of the vital role which  science 
and  technology must  play in the future of  Europe's  economy and. in 
the  construction  of  a  prosperous  and  successful  European 
Cornrnuni.ty.  That  recognition is enshrined in the  Single  European 
Act itself. 
3.  During  the  past  few  years  real  progress  has  been  made 
in  tackling  the  constraints  on  European  success.  European 
governments  have  launched,  both  inside and  ou~side the  framework 
of  the  Community,  new  initiatives  to  foster  transnational 
cooperation  among  researchers  in  universities,  industry  and  the 
public  sector itself.  At  the  Community  level  there  has  been  a 
new  emphasis  on  research  and  development  .oriented  towards 
improving  industrial  competitiveness  {ESPRIT,  BRITE  in 
particular>  as  well  as  the  quality  of  life.  The  current 
Framework  Programme  1987-1991  provides  for  particular efforts  in 
these  areas.  Alongside  the  Community  efforts,  EUREKA  has 
provided  further  evidence  of  the  interest  in  and  benefits  from 
transnational cooperation in Europe. 
4.  Against  that  background  'the  aims  of  this  first 
preliminary report are: 
0  to  draw  up  a  balance-sheet  of  progress  so  far  in 
1  Comparative  study  of  the  technology  level  of  Eurooe, 
USA,  Japan  and  the  Soviet  Union,  Michel  Poniatowski, 
President  of . the  Committee  on  Energy,  Research  and 
Technology,  European  Parliament,  15  June  1987. 
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improving  Europe's position in science and  technology; 
o  to  consider  the  main  research  needs  and  opportunities 
which  require  particular  attention  in  the  context  of 
reducing  Europe's  technological  dependence  and  improving 
economic  competitiveness  and  the quality of  life; 
o  and  to  identify  the  main  science  policy  issues  facing 
Europe  over the  coming  years. 
The  report is not  limited  to  a  review of  Community activities  in 
the  fields  concerned  or  to  the  planning  horizon  of  the  current 
Framework  Programme  <1987-1991>;  nor  does  it  make  specific 
proposals for  Community action.  ·The  aim is rather to provide the 
factual  basis  on  which  to  consider  what  needs  to  be  done  in 
Europe,  without  at  this stage attempting to  identify what  should 
be  done  at  national,  what  is  more  appropriate  for  action  in  a 
transnational  framework  or  what  specifically  might  most 
effectively be  done at Community level. 
5.  The  report  highlights  the  importance  for  the  future  of 
adequate  efforts  in  basic  research  alongside  and  in  support  of 
the application of scientific knowledge  and  technical  know-how to 
the  solution  of  the  main  economic  and  societal  questions  facing 
Europe.  It  also  addresses  questions  upstream  of  research 
<education)  and  downstream  <innovation  and  technology  transfer>. 
It  pays  particular  attention  to  the  opportunities  and  needs 
arising from  the completion of  the Community's  Internal Market  in 
1992. 
6.  The  Commission  intends  to  update  this  first  and 
preliminary report during  the course  of  1989  in the ·light of  the 
reactions  to it from  the  Parliament,  from  national  policy-makers 
and  from  the  wider  scientific,  industrial  und  educational 
community.  Thereafter it will  publish  similar  factual  analyses 
at two-yearly intervals. 
The  structure 
7.  The  report has  five chapters: 
Chapter  I  recalls  briefly  the  central  role  played  by 
science  and  technology  in  economic  and  social 
development,  and  some  of  the  central  issues  affecting 
the  links  between  basic  research,  applied  research, 
innovation and  competitiveness. 
Chapter  II  summarises  recent  policies  and  developments 
outside  Europe,  concentrating on  the  USA  and  Japan,  but 
also  examining  briefly  the  situation  and  prospects  in 
the  Soviet  Union  as  well  as · the  emergence  of  new 
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science and  technology powers. 
Chapter  III.  surveys  actions  taken,  nationally  and 
transnationally, ·in Europe to mobilize its· resources in 
the  field  of  research  and  technological  development 
( RTD >. 
Chapter .IV  considers the main  requirements  for .research 
to·  improve  Europe's  competitive  position,  notably  in 
the  context  of  the  completion  of  the  Internal  Market; 
to respond  to the needs of society through  improv~ments 
in  'the  quality  of  life;  and  to  increase  Europe's 
capacity to pursue its own  scientific and  technological 
options  where  necessary,  by  reducing its dependence  on 
others. 
Chapter  V  outlines  the  main  issues  for  science  policy 
in Europe during the  coming years. 
The  ·Inputs 
8.  ·The  analysis  in  the  report  reflects  a  multiplicity of 
inputs.  It  draws  heavily  on  the  advice  of  the  special  groups 
.. established . to · advise  the  Commission  on  .R&D  trends, · needs  and 
priorities  <CODEST,  CREST,  IRDAC,  and  the  Advisory Committees  on 
the coordination of  individual research projects and  programmes>; 
the  independent  evaluation  panels  on  Community  programmes; 
systematic  monitorlng  of  scientific  and  technical  literature and 
professional  meetings;  the  views  of  researchers  and  research 
users  in  industry  and  universities,  as  well  ·as  consultants; 
science . and  technology  administrations·  in  Member  States;  the 
advice  of  the  Commission  departments  concerned,  both  · the 
"customers"  for  and  the  "producers"  of  research;  as· well  as  the· 
European Parliament itself.  It also takes  fully into account the 
work  in  similar  fields  undertaken  by  other  international 
organisations,  such as  the OECD. 
Except where otherwise stated,  the figures  given are averages  for 
the  European  Community.  In  some  cases  data  for · Spain  and 
Portugal  are  not ·yet  available;  while  data  for  Luxembourg  are 
limited.  There are often wide variations around the .average  (see 
Chapter III>.  .  . 
Some  gaps  in  data  available  from  the  Member  States  have  placed 
limitations  on  the  depth  of  the  analysis  in  Chapter  III  of 
national  trends.  These  limitations .should  be  remedied  in  future 
reports  in  the  light  of  the  ongoing  discussions  and  analysis  of 
national policies within the  framework  of  CREST.  As  stated later, 
the  Commission  intends  to  concentrate  in  more  detail  on  trends 
and  policies  in  the  Member  States  in  future  reports  on  science. 
and  technology in Europe. 
24 4 
-I  SCIENCE,  TECHNOLOGY  AND  EUROPE'S  ECONOMIC  AND  SOCIAL  NEEDS 
Science,  technology and  the economy 
Economic  Trends 
1.1.  In its analysis2 of  the economic  benefits of  completing 
the  Community's  internal  market  the  European  Commission 
underlined  the  importance  to  economic  growth  and  competitiveness 
of  economic  sectors  incorporating  the  results  of  advanced 
technologies,  and  drew  attention  to  the  weakness  of  the 
Community's  performance in  the~e fields. 
1. 2.  For  these  "high  technology"  sectors  <electrical  and 
electronic goods;  office and data-processing mechanisms;  chemical 
and  pharmaceutical  goods>  world  demand  has  been growing at around 
twice  the rate of  that for manufactured products as  a  whole.  Yet 
these sectors account  <1985>  for only 22.4%  of  the value-added of 
the whole of  Community industry,  as against nearly  29%  in the  USA 
and  more  than  28%  in Japan.  Moreover,  the share has  been  growing 
more  slowly.  in  the  Community  than  in  either  of  its  major 
competitors:  between  1979  and  1985  it grew  by  3%  a  year  in  the 
Community,  compared with  3.7%  in the  USA  and  17.1%  in Japan.  The 
differences  between  Europe  and  Japan are particularly striking in 
the  case  of  electrical  and  electronic  goods,  where  Japanese 
domestic  demand  grew by nearly  21%,  and  European  demand  by  3.5%. 
Table 1.1. 
Evolution o( volume o( domestic demand by industrial brandt in the EC. the United States and Japan (1973-SS, average annual rate o( gro,.th) 
Y. 
EUR  USA  J.aC\oln 
Strong demand sectors  5.0  5.1  U.J 
Office and data-processing machines  9.0  6.5  7_1 
Electrical and electronic goods  J.S  7.2  20.7 
Chemical and phannaccutical products  5.3  2.3  9_9 
Moderate demand sectors  1.1  1.8  1.1 
Rubber and plastic products  2.8  5.4  2.0 
Transport equipment  1.7  2.7  u 
Food. beverages. tobacco  1.2  0.4  0.0 
Paper and printing products  1,6  2.9  2.7 
[ndustrial and agricultural machinery  -0.1  5.6  5.6 
JVeak demarul sectors  -0.1  0.5  1.4 
Met.1l products  -o.5  -0.4  1.~ 
Miscellaneous manufactured products  -0.6  2.1  1.9 
Ferf"ous and non-ferrous ores and metals  0.6  -1.8  :?.0 
Textiles. leather. clothing  -0.2  2.0  1.1 
Non-metallic miner.lls (construction materials)  0.1  1.7  1.1 
/liB:  the w..."tdn  ·~  .Siwldot into tho-w:: •• wfll<h dcnu.nd i 111  QCCO co  ..  n  .. Oa bct-ccn ltN o~nd 1911S incrcucd by mot"~  tho~ft 1•1.  (lUOft& dcmo~n..U. b, .,..,  ....  ,r 'e'• Cm...trdc•••<  dc:rtur'"'H.  o~nd bt '-='\ 
lh•n r1. (-cd. dcrnan.lt 
2  The  Economics  of  1992,  European  Economy  no35,  March  1988. 
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1.3.  In  terms  of  exports  the  Community  has  also  been  losing 
ground  in  the  case  of  electronics  and· electrical  equipment,  in 
cars  and  other  forms  of  transport,  office  machinery,  and 
information  technology.  The  only  high  growth  sectors  where  the 
Community  has  maintained  a  favourable  position  on  export-markets 
· are  chemicals  and  ·pharmaceuticals.  Japan  in  particular· has 
continued  to  push  ahead  in  the  export  of  high-technology 
products.  Between  1979  and  1985  Japan  increased its world market 
share  by  nearly  12%  for  electrical  and  electronic  equipment,  by 
over  9%  for cars and  by  5.5%  in information technology and office 
automation3. 
1.4.  At  the  same  time  the  Community  has  been  increasing its 
dependence  on  imports  of  such products.  Imports  from outside the 
Community  have  been  growing  more  quickly  than  intra-Community 
trade  in office machinery  and  information  technology,  electrical 
end  electronic  equipment,  machinery  and  transport  equipment. 
Again,  only the  chemical  and  pharmaceutical  industries  among  the 
high  growth  sectors  perform  well.  This  increase  in  trade 
dependence  reflects  an ·underlying  technological  dependence  in 
certain  sectors:  in  the  case  of  information  technology,  for 
example,  European .dependence  on  components  has  been  increasing 
despite the  improvements  in the performance of  the  IT industry as 
a  whole. 
1.5.  .  While  in the high growth industries  Europe  continues  to 
be  underrepresented,  traditional  manufacturing  industry  remains 
significant.  The  Community  accounts  for  some  35%  of  the  GOP  of 
the  EC-USA-Japan  triad,  but  in  1986  it produced  44%  of the cars, 
42%  of  the  steel  and  40%  of  the  textiles  arid  clothing  of  the 
three  combined.  A  number  of  the  traditional  sectors  have 
improved  their position during  the  past  few  years  by  large-scale 
investment  in  new  technologies  and  major  research efforts  <Table 
1.2.).  Textiles  and  automobiles  are  two  examples.  Others,  such 
as  the  paper  and  board  processing  industry  or  parts  of  the 
machine-tool  industry,  have  been  less· successful.  Even  those 
that  have  improved  their  position  through  innovation  and 
automation  (espe_cially  automobiles  where  productivity  has  grown 
by  over  30%  1980-87>  face  the  prospect  of  increasing  world 
competition.  One  successful  company strategy.in some  industries 
has  been  to  seek  to  cap~ure  more  of  the  top-end  of  the  market. 
through  the application of  new  technologies and their integration 
into the products. 
1.6.  Europe's  interest  lies  in  both  reducing its dependence 
on  the  third countries  in  the  high growth  sectors  and  harnessing 
3  Market  share  is  defined  as  the  export  of  the  USA, 
Japan  or  EC-IO  to  the  rest of  the  world  compared  with 
exports of  OECD  countries as  a  whole to the rest of  the 
world. 
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the  new  technologies  to  improving  the  competitiveness  of  its 
traditional industries. 
The  Characteristics of  the  Emerging  Industries 
1.7.  The  characteristics  of  the  emerging  industries  and 
their  contribution  to  overall  economic  growth  and  development 
have  been  the subject of  considerable enquiry during the past  few 
years  4.  Recent  trends  in these sectors in the  European  Community 
are  analysed  in  detail  in  the  forthcoming  "Panorama  of  EC 
Industry:  1989"  which will shortly be published by the Commission 
and  to  which  reference  is  made  in  more  detail  in  Chapter  IV 
below. 
One  fundamental  characteristic of the emerging industries is that 
they are heavily "science-based"  or  "science-related",  with their 
products  embodying  to  a  significant  degree  the  results  of 
advanced  research  and  development.  Secondly,  they  reflect  the 
emergence  of  new  "generic"  technologies  with  pervasive 
applications.  Thirdly,  they  are  calling on  the  expertise of  an 
increasing  range  of  scientific  disciplines.  Fourthly,  some  of 
the  new  fast  growing  sectors  demand  a  much  closer  and  more 
interactive  relationship  between  fundamental  research  and 
. commercial  production  than  has  hitherto  been  the  norm. 
Biotechnological  products  and  technologies  have  been  described, 
for  example,  as  "growing  directly  out  of  the  laboratories". 
Fifthly  1  however  1  the· pace  of  economic  growth  is  linked  to  the 
diffusion,  application  and  modification  of  new  generic 
technologies  by  smaller  innovating  firms  1  alongside  the  major 
enterprises  with  their  large  R&D  resources  and  the  contribution 
of universities and  research institutes. 
Technology and  Economic  Growth 
1. 8.  The  . importance  of  technology  and  the  underlying 
scientific disciplines to growth,  trade and welfare is certain to 
grow  rather  than  to  diminish  over  the  com~ng  years.  The 
information  technology  revolution  is  far  from  over,  as 
applications  of  IT  permeate  industry,  households,  transport  and 
communications.  On  one estimate  5  the electronics industry,  with 
an output value estimated at US$  485 milliard in 1985  (or 4.7%-of 
Free  World  GNP>  is  likely  to  reach  8%  by  2000;  another  expects 
the  share  of  telecommunications  in  developed  countries  'GNP  to 
4  For example  "The  contribution of Science and  Technology 
to  Economic  Growth  and  Social  Development",  OECD 
SPT/MinC87>2,  7  October  1987. 
5  Futurible 1  Paris  Dec  1986. 
27 Table  1.2. 
Extra-EC Imports and Exports by Branch, Evolution Since 1980 
1987 value 
(Index 1980  = 1  00)  1982  1985  1987  (billion ECUs) 
Processed foodstuffs 
Imports  "119  155  127  12.9 
.. 
Exports  136  183  159  13.2 
lntra-EC trade  131  185  209  22.3 
Chemicais 
Imports  126  203  185  19.7 
Exports  118  187  160  32.0 
lntra-EC trade  128  197  206  44.9 
Plastics 
Imports  118  185  184  8.3 
Exports  115  178  157  14.1 
lntra-EC trade  120  185  219  29.6 
Leather 
Imports  99  145  150  5.9 
Exports  119  211  216  .  3  .. 9 
lntra-EC trade  144  210  234  5.2 
Paper and board 
Imports  123  175  180  14.6 
Exports  125  220  216  7.2 
lntra-EC ttade  125  .  187  234  15.1 
Textiles 
Imports  113  165  165  25.8 
Exports  124  204  186  19.3 
lntra-EC ttad  e  120  170  201  35.9 
Footwear 
Imports  116  181  173  2.8 
Exports  143  271  216  3.6 
· lntra-EC trade  119  151  201  5.6 
Glass, ceramics 
Imports  112  162  145  2.3 
Exports  122  186  164  6.5 
lntra-EC trade  108  143  183  9.3 
Machinery 
Imports  135  226  236  60.5 
Exports  128  171  155  85.8 
lntra-·Ec trade  119  189  232  91.1 
Transport equipment 
Imports  129  202  190  19.5 
Exports  139  181  159  41.8 
lntra-EC trade  135  172  239  64.9 
Audio/Video/photo equipment 
Imports  141  215  232  18.2 
Exports  139  222  207  14.6 
lntra-EC trade  124  202  252  16.7 
Source: Eurostat (rounded figures). 
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grow to  7-10%  by  the early 1990s  (compared  with  5%  in the  USA  in 
1985,  and  3%  in  Japan  and  Europe)6.  Biotechnology  is  likely to 
impact  on  a  large  number · of  economic  sectors  -·  within ··  the  next 
decade  and  its  influence  could  spread  rapidly  thereafter, 
affecting the  chemical  and  pharmaceutical industries,  agriculture 
and  food  and  energy.  New  materials could  induce major savings  in 
resources  and  change  the  basis  of  comparative  advantage  between 
traditional  raw  material  producers  and  countries  that  depend  .on 
imports. 
1. 9.  In  this  rapidly  changing  world  economy,  growth  and 
competitiveness  will  depend  increasingly  on  successful 
interaction  and  feedbacks  between  the  progress  of  scientific 
knowledge  ("science  push">,  the  identification  of  market 
opportunities  and  needs  ("market  pull">,  the pervasive diffusion 
of  knowledge  of,  access  to  and  modification  of  available 
technologies  as  well  as  the  opening  up  of  new  technological 
frontiers. 
1.10.  The  Commission's  analysis  of  the  costs  of  non-
Europe  shows  that  progress  in  removing  market  barriers  within 
Europe· will  of  itself  play  an  important  role  in  creating  the 
conditions  for the  Community to improve its competitive position. 
It will encourage  some  integration of companies,  laying the basis 
for  pooling  of  R&D  resources  to  achieve  the  "critical  mass" 
required to take major  new  steps  forward  in generic technologies. 
It  will  . also  encourage  more  competition  and  the  consequent 
encouragement  of  innovation.  But,  the  creation of  the  internal 
market  in  alone  will  not  solve  the  problems  of  compe~itiveness. 
Progress  in this direction must  be  accompanied  and  encouraged-by 
adequate  public  policies  on  R&D  that  take  account  of  the  new 
realities  (the  ever-closer  links  between  science,  technology and 
the  market-place>  and  that create the right  framework  conditions· 
in which  these links and  interactions can best be established. 
Science,  technology and  the consequences of growth and  change 
1.11.  Improving  Europe's industrial competitiveness is not in 
any  case  the  only  issue  to  which  science  policy  can  and  should 
make  a  major contribution.  The pressures of  technological change 
also  have  important  social  consequences,  in terms  of  the pattern 
of  employment  and  the  distribution  of  wealth  and  economic 
opportunity  across  Europ~  ,and consequent  implications  for  the 
6  Borrus,  M  et  al.  "Telecommunications  Development  in 
Comparative  Perspective:  The  New  Telecommunications  in 
Europe,  Japan  and  the  US" ,  Berkeley  Round  Table  on 
Industrial  Economy,  California  1985. 
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· economic  and  social  cohesion  of  the  European  Community.  They 
also raise issues of  ari  environmental. and. ethical._na.t_u_re,  ____ gs well 
as  new questions  for international relations.  The  challenge for 
science  policy  is  to  help  find  solutions  for  the  problems  posed 
by scientific.and technical advances  as well as  to help seize the 
opportunities which  they offer. 
1. 12.  The  effect  of the  new  technologies  on  employment  over 
the  longer-term is  not yet welt understood.  A  number  of  studies 
suggest  that  the  net  effect  of  information  technologies  on 
employment  will  be  relatively  small7.  And  advances  in 
biotechnology  and  new  materials .could  increase,  rather  than 
reduce  employment.  But  it  is  obvious  that  there  are  major 
strucural  adjustments  within  any  economy  and  adverse effects  for 
some  regions  and  industries.  Moreover,  Europe  has  been  less 
successful  so  far than  the  USA  and Japan  in translating economic 
growth  into  the  growth.  of  employment  opportunities.  High 
unemployment  may  itself  create  resistance  to  the  diffusion  of 
technologies  that  are  labour-saving  and,  in  the  absence  of 
policies to mitigate the effects,  encourage  a  Luddite approach  to 
new  technology. 
1.13.  Similarly,  there is a  risk that technology will be  seen 
as  the  cause  and  not  the  cure  for  environmental  problems  unless 
. public  policies  are  focussed  sharply  on  encouraging  the 
·application  of  scientific  knowledge  and  technological  resources 
to  the  solution  of  the  problems  of  atmospheric  pollution,  waste 
disposal and  safety,  and  to prevention of environmental damage. 
1.14.  Advances  in  medical  and  biological  sciences  offer  the 
prospects  of  major  improvements  in  health  and  agriculture  over 
the  coming  years.  But  there  are  important ethical  issues  posed 
by genetic engineering,  and  some  evidence of public concern about 
the effects on  the environment and the risks to health of certain 
experiments  in  biotechnology.  A  considered  approach  to  these 
issues  must  be  an  integral part of  European efforts to ensure  an 
adequate  S&T  base. 
1.15.  The  external  aspect  is  also  of  major  importance.  The 
mastery  of  technology  and  the  promotion of  scientific advance  in 
Europe  have  consequences  not  only  for  our  competition  with  our · 
major  industrial  trading  partners  but  also  for  the  trade  and 
development of  the developing countries.  Biotechnology may offer 
us  the prospect of more efficient agriculture in the  longer-term, 
producing  crops  that  correspond  more  precisely  to  market. 
requirements  and  reducing  the  risks  of  surpluses · of  unwanted 
7  For example,  OECD  Employment Outlook,  Paris  1986 
Freeman  & Soete:  "Information Technology and  Employment· 
-.An Assessment",  April  ~985. 
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products.  It  should  also  help  to  transform  Third  World 
agriculture  and  medecine.  The  advance  of  new  materials,  on  the 
other  hand,  is  likely  to  have  consequences  for  those  developing 
countries that are exporters of traditional materials. 
1.16.  Through  the  Single  European  Act  the  Governments  of  the 
Community's  Member  States  have  expressed  their commitment  to  the 
protection  of  the  environment  and  to  a  more  economically  and 
socially  cohesive  Europe.  They  have  also  underlined  the 
importance  of  the  external  aspects  of  Community  policy  in  the 
field  of  R&D.  The  final  chapter  of  this  report  outlines  how 
these  commitments  can  be  reflected  in  and  supported  by  science 
and  technology policy itself. 
The  Changing Scientific Environment 
1. 17.  Science  policy  has  also  to . take  account  of  the  other 
factors,  namely:  the accelerating pace of scientific discoveries; 
the  increasing  cost  of  research;  and  the  trend  towards  a  more 
pluridisciplinary approach  to  research,  in  which  the traditional 
boundaries  between  sectors  are  breaking  down  and  more  integrated 
systems  are developing. 
· .Chemistry  provides  a  vivid  example.  There  has  been  an  explosive 
growth in new  compounds  which are  now doubling in number every 
6-7  years  compared with every  40  years  in the  1940s.  At  the  same 
time  chemists  are  now  using  more  and  more  sophisticated  and 
costly  instruments  and  analytical  aids  <lasers,  spectroscopic 
instruments,  the electron miscroscope,  synchroton light,  etc>  and 
calling increasity on  the help of  information technology. 
All  this  means  that  financial  resources  have  to  be  depreciated 
over  a  shorter  space  of  time  and  directed  at  an  ever-growing 
number  of  problems.  This  has  major  implications  for  science 
policy both at national and at European  level.  It underlines  the 
need for the most rational use of resources  <financial,  human  and 
physical>  by  the  avoidance  of  duplication  and  pooling,  and  it 
poses  more  acute  problems  in  the  definition  of  research 
priorities  for  public  funding  than  in  the  past.  It  also 
highlights  the  importance  for  industry  of  having  a  large  enough 
market  in  which  to  sell  the  products  of  research  and  thus  to 
achieve  a  rapid depreciation of expenditure. 
31 Science and Technology are vital in  improving 
. Europe's  competitive position in the context of 
the completion of  the Internal Market.  ·.  They also 
have a  major contribution  to offer in meeting the 
societal needs of the European  society for a  cleaner 
and safer environment and better  health care. 
The mastery of science and technology is essential 
to reduce technological,  and-thus economic dependence 
and to allow Europe to be able,  where it wishes to do 
so,  to make its own  technological choices. 
The translation of these economic and social needs 
into specific requirements for research·is con-
sidered,  sector by sector, in Chapte~ IV. 
But science and  technology are increasingly expensive 
as science develops at an accelerating pace.  The costs 
of research are pliu:iinq an increasing strain on . the 
financial capacities of individual companies or 
Member States.  The resources devoted to science must 
be used to the best effect.  Further pooling of 
these resources  may offer major advantages. 
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10 II  EUROPEAN  SCIENCE  AND  TECHNOLOGY  FROM  A  COMPARATIVE 
PERSPECTIVE: 
TRENDS  IN- OUR  MAIN  COMPETITORS 
11 
2 .1.  The  performance  of  Europe  vis-A-vis  its  major 
competitors  can  be  measured  in  terms  of  resource  inputs 
(financial  and  human>  to  science  and  technology  ,  quantifiable 
scientific  and  technological  outputs,  and  the administrative  and 
policy  framework  within  which  science  and  technology  develop. 
This  chapter  begins  with  a  short  analysis  of  the  trends  in 
inputs  <how  much  is  spent  on  R&D,  by  whom,  what  scientific 
personnel  are  available>  and  in  proxy  measures  of  output  ( 
patenting  activitiy,  technological  trade  balance,  technological 
balance-of-payments).  The  comparison  is between  EuropeB,  on  the 
one  hand,  and  the  usA.·-and  Japan,  on  the· other.  The  chapter then 
examines  recent  policy developments  in  the  USA  and  Japan  before 
concluding with a  short survey of trends  in some  emerging science 
and  technology powers. 
2.2.  The  chapter draws  heavily on available comparative data 
drawn  up  by  the  OECO,  on  more  detailed data  for  Community  Member 
States  assembled  by  the  Statistical  Office  of  the  European 
Communities,  and  on  a  comparative study of  the Community,  USA  and 
Japan,  prepared  for  CREST  in  the  context  of  discussions  on  the 
coordination  of  national·  R&D  policies  in  Europe9.  This  latter 
study forms  the basis  for annex ·14. 
In  commenting  on  policy developments  the chapter concentrates  on 
recent trends.  More  detailed on  the structure and organisation 
of  R&D  in the  USA  and  Japan can  be  found  in the annex. 
(i)  COMPARATIVE  TRENDS  IN  SCIENCE  AND  TECHNOLOGY 
8 
9 
Where  possible,  data  are  given  for  the  enlarged 
Community  on  the  basis  of  estimates  for  Spain  and 
Portugal.  In  most  cases  ~ata  for  Luxembourg  are  not 
available. 
"The  European  SIT  "Space"  in the  International Context: 
Resources  and  Conditions  for  Community 
Competitiveness",  Working  paper  prepared  for  COPOL  88, 
29  Feb.1988. 
33 12~ 
The  level of  funding 
2. 3.  Fully  comparable  data  on ·total  spending ·on  R&D  exist 
only  for  1985.  These  show  that  in absolute  terms  total  spending 
(civil  and  military>  in  the  USA  was  1.  75  times  that· of  the 
European  Community and  2.9  times  that of  Japan: 
Table  2.1. 
1981 
1985 
Gross  Domestic  Expenditure on  R&D 
Mio  ECU  current  <ppp> 
EC(12> 
48,072* 
76,250** 
USA 
76,722 
134,645 
Japan 
25 ,t36 
48,056 
*  estimates for  Belgium and  Portugal.  Excludes  Luxembourg 
**  estimates ·  for  Belgium,  Spain  and  Portugal.  Excludes 
Luxembourg. 
Source:  Commission services estimates and  Table  2  of  OECD  "Main 
Science and  Technology  Indicators",  Paris  1988. 
In  terms  of  spending  as  a  share  of  GOP  the  USA  is  also  in  the  · 
leading position: 
Table 2.2. 
1985 
Gross Domestic Expenditure on  R&D  as 
a  percentage of GOP 
ECC12>  USA  Japan· 
1.9  2.8  2.6 
Only one  Community country  <Germany>  has  an  R&D  intensity10  <2.8% 
in 1987>  that is comparable  to that of  the  USA  or Japan. 
The  level  elsewhere  varies  between  2. 3%  <UK  and  France> ,  2. 1% 
<Netherlands>  down  to  1%  or  less  for  some  smaller  Community 
10  Share of  R&D  spending in GOP. 
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countries.  The  US  figures  are,  however,  bolstered  by  the  high 
level  of  spending  on  defence  R&D.  If  defence  expenditure  is 
excluded,  the share of  US  GOP  devoted to  R&D  drops  to about  1.9%, 
that  of  the  Community  <where  military  R&D  accounts  for  some  25% 
of  the  total Government  expenditure  on  R&D>  falls  to  1.4%,  while 
that  of  Japan  <where  military  R&D  expenditure  is  prima  facie 
negligible!  > is almost unaffected. 
2. 4.  In  all  three  areas  spending  on  R&D  has  grown 
significantly throughout  the  1980s,  but  the  growth  has  been  more 
marked  in the  US  and  Japan  than  the  Community.  Between  1981  and 
1985,  R&D  intensity rose  by an  average annual  rate of  1.8%  in the 
Community,  by  2.6%  in the  USA  and  by  4.1%  in Japan.  The  Japanese 
figure  is even  more  striking,  bearing in mind  that  the  growth  of 
US  spending  during  that  period  and  subsequently  has  been 
concentrated on defence  R&D.  If defence expenditure is excluded, 
Japanese  growth  in  total  R&D  spending  <public  and  private>  is 
estimated to have  been  more  than  twice that of the  USA  and  Europe 
<9%  as against  4%>12. 
Expenditure and  Execution:  the contribution of public  and  private 
sectors 
2. 5.  In  terms  of  the  relative  financial  contributions  of 
public and private sectors to R&D,  the Community lies between  the 
u·sA  <where  the public sector share is highest>  and Japan.  But  in 
most  Community  countries  there is  a  significantly lower  level of 
industrial involvement  in the execution of  R&D  programmes  than  in 
either the  USA  or Japan. 
Around  one-half  of  US  spending  on  ... R&D  is  financed  from  public 
sources,  and  throughout  the  1980s  this  government  spending  has 
been growing steadily,  driven by sharp increases in military R&D; 
private sector spending has  been  less buoyant..  But  more  than  70% 
of  R&D  has  continued  to  be  carried out  by  industry,  given  that  a 
large  share  of  military  R&D  is  subcontracted  to  the  private 
sector. 
11 
12 
Methods  of calculating military R&D  expenditure are not 
. uniform.  Official  figures  may  underestimate  Japanese 
military  R&D  spending  compared  with  those  of  European 
countries. 
Estimate made  in  COPOL  study- see  footnote  9. 
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In  Japan,  on  the  other  hand, \industry  both  fii).ances  and  carries 
out  the  bulk  of  R&b.  Less  than  30%  of  Japanese  R&D  is  financed 
by  the  public  sector,  70%  being  financed  .and  executed  by  the 
private  sector·,  especially industry;  and  in  the  natural  sciences 
the figures are even further weighted  towards  industry. 
In  the  Community  around  45%  of  spending  is  financed·from  public 
sources.  But only Germany and  Belgium have  shares  of  R&D  carried 
out  by industry that are on  a  par with Japan and  the  USA. 
R&D  personnel 
2. 6.  The  trends  in  the  overall  levels  of  expenditure  are 
parallelled by those as regards  R&D  personnel.  The  proportion of 
.research  scientists  and  engineers  in  the  labour  force  is 
significantly  higher  in  the  USA  and  Japan  than  in  European 
.countries,  ev;en  when· allowance  is  made  for  differences  in  data 
coverage.  Moreover,  the  proportion  has  been  growing  much  more 
rapidly in Japan.  In absolute  numbers  the  USA  has  a  much  larger 
R&D  workforce  (825,000  in  1986>  than  either  the  Community  <an 
estimated· 500,000)  or  Japan  <now  up  to  400,000>.  But  the  US· 
figure  has  been  relatively  stagnant,  while  that  of  Japan  has 
increased s:teadily and sharply13.  ·  · 
13  It is worth noting that.the·us figureis less  than half 
of  some  estimates  made  of  Soviet  R&D  personnel  by  the 
US  National Science Foundation (see source to table 2.3.) 
36 Table 2.3. 
1965 
1970 
1975 
1980 
1984 
1985 
1986 
Scientists and engineers in R&D  as a 
proportion of the total labour force 1965-86 
USA  Japan  Germany  France  UK. 
-nos  per 10,000  labour force. 
64.7  24.6  22.7  21.0  19.6 
64.1  33.4  30.8  27.3  n.a. 
55.3  47.9  38.6  29.4  31.1 
60.0  53.6  n.a.  32.4  n.a. 
65.1  62.4  49.1  41.2  34.2 
67.4  63.2  n.a.  n.a.  32.8 
69.0  n.a.  n.a.  n.a.  n.a. 
15 
Source:  National  Science Foundation,  International Science 
and  Technology UQdate  1987. 
Figures  include all scientists  and  engineers  engaged  in  R&D  on  a 
full-time  basis  except  Japan,  where  data  include  persons 
primarily  employed  in  R&D,  and  UK  where  data  include  only  the 
Government and  industry sectors. 
The  outQUt  from  R&D 
a>  aQQlied  research 
2.7.  Three  measures  can  be  used  together to provide  a  proxy 
for  the  "productivity"  of  applied  R&D,  namely:  patenting 
activity,  and  especially  patenting  in  the  USA  as  the  largest 
single  world  market;  the  technological  balance-of  payments  <ie. 
receipts  and  expenditures  related  to  patents,  royalties  and 
licences>;  and  the balance of trade in high-technology goods. 
2. 8.  In  terms  of  the  total  numbers  of  patent  applications 
and  those granted domestically,  Japan  now  ranks  above  the  USA  and 
Europe.  In  terms  of  those registered with  foreign patent offices 
it  ranks  third  after  the  USA  and  Germany,  and  the  number  of 
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foreign  registered  patents  has  been  increasing  steadily.  In 
terms  of  the  granting  of  patents  in  the  USA,  the  Japanese  share 
has- doubled  since  the  mid-1970s,  and -Germany  alone  among  the 
larger European  countries has  maintained its position: 
Table 2.4. 
Total 
USA 
·Japan 
Germany 
France 
UK 
Other 
US  patents granted to inventors in various 
countries,  1975 and  1985 
1975  1985 
100  100 
64.9  53.8 
8.8  18.6 
8.4  9.. 6 
3.3  3.3 
4.2  3.4 
10.4  11.2 
Source:' 
.·:·-.-:"-43" 
- De.r.tved  from  Appendix ~.Table  6-11  of  Science  and 
Engineering  Indicators,  1987,  National  Science 
Board,  Wash{ngton  DC. 
The  growing  importance .of  Japan  is  underlined,  moreover,  by  the 
number  of  citations  of  Japanese  patents ·registered  ~n  the  US, 
which  provide  an  indication  of  the  quality  of  applied  research 
outputi4.  - _  · 
2. 9.  The  picture  emerging  from  analysis  of  technological 
bc:H:ance-of-payments  data  is  less  clear  cut;  but  the  trend  has 
been  towards  a  reduction  in  the  negative  Japanese  balance.  ·In 
1985  Japanese  s·ales  of  licences,  patents etc.  were  equivalent  to 
· about  four-fifths  of  her  expenditure  in  the  field15,  and  more 
14  This -is  considered  further  in  recent  work  by  Pavitt  & 
Patel:  Measuring  Europe's  Technological  Performance: 
Results  and  Prospects,  Centre  for  European  Policy 
Studies,  1988.  · 
15  Table  48  of  OECD  "Main  ·Science  and  Technology· 
Indicators  1981-87",  Paris  1988. 
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recent  data  suggest  that  the  gap  has  closed  about  to  zero.  The 
figures  on  trade  in  high-technology  goods,  as. indicated  in  the 
previous  chapter,  underline this growing  technological  strength: 
Table 2.5. 
Export/Import ratios in selected high-technology goods, 
1981  and 1986 
1981  1986 
Japan USA  FRG  Fr  UK .  Japan USA  ·  FRG  Fr  UK 
0  f  f  ice  2.75  3.23  0.93  0.73  0.68  6.63  1.11  0.92  0.7  0.79 
mach.  & 
computers 
Comm.Equip.  6.59  0.70  1.13  1.14  0.96  8.95  0.61  1.14  1.22  0.82 
&electronic 
components 
Scientific  6.59  0.97  1.42  0.76  1.01  6.75  0.61  1.49  0.78  0.88 
Instruments 
Drugs  0.28  2.27  1.77  1.99  2.61  0.30  1.42  1.71  . 1.90  2.21 
Electrical  4.32  2.3 
Transmis-
2.07  1.49  1.44  4.56  0.97  2.00  1.21  1.23 
s  i  o  n 
Equipment 
Aircraft 
& parts 
Source: 
0.08  3.76. 0.78  1.19  1.56  0.09  2.48  0.78  1.56  1.91 
OECD  "Main  Science  and  Technology  Indicators  1981-87", 
Paris  1988. 
In  all sectors  the  Japanese  ratio  has  been  growing  while  the  US  trade 
position has  been weakening. 
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(b)  Basic  Research 
2.10.  Proxies  for  the  output  of  basic  research  include,. 
notably,  Nobel  Prizes  <for  natural  sciences  and  economics>  and 
numbers  of  publications  of  scientific papers.  Here  Europe is  in 
a  much  stronger  position,  and  that  of  Japan  much  weaker  but 
already improving significantly. 
Between  1946  and  1987  US  scientists  won  196  Nobel  Prizes  and 
European  ones  <EC-12  and  EFTA>  105,  while Japan  had  5. 
Compared  with  aggregate  expenditure  on  R&D  the  shares  of  USA  and 
W.Europe  in scientific publications are somewhat  larger,  and that 
of  Japan  somewhat  lower.  The  difference is  even  more  marked  in 
the  share  of  total  citations.  But  more  significant  is  the 
increasing  share  of  Japan  and  the  declining  share  of  the  USA, 
while  W.Europe's  share  of  papers  and  citations  has  held 
relatively  steady,  with  the  decline  of  the  UK  share  being 
compensated  by  the  growth  of  those  of  France,  Germany  and  other 
countries: 
Table 2.6. 
Distribution of published scientific work 
1973  1982 
Japan  7.1  10.1 
USA  54.4  51.1. 
W.Europe  38.5  38.8 
TOTAL  100  100 
Source:  Patel  & Pavitt,  Research Policy no16  <1987>,Table  18 
W.Europe  here  comprises  Belgium,  Denmark,  France,  Germany, 
Finland,  Italy,  Netherlands,  Sweden,  Switzerland,  UK. 
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(ii)  TRENDS  IN  THE  USA 
2 .11-.  In  1986  the  US  balance-of-trade  in  high  technology 
goods  became  negative  for  the  first  time,  reinforcing  a  growing 
concern about  the ability of  US  manufacturers  to compete  on world 
markets,  the  dependence  of  the  US  economy  on  overseas  suppliers 
of  key  technologies  and,  specifically,  the  increasingly dominant 
role  played  by  Japan.  The  apparent  discrepancy  between 
increasing  expenditure  on  R&D  and  weaknesses  in  industrial 
performance.has  prompted  questioning  inside  and  outside  Congress 
about  the  spin-off  from  defence  expenditure,  about  the 
organisation  of  R&D  spending,·  and  has  led  to  new  R&D  policy 
initiatives both domestically and  internationally. 
The  Federal  Budget  - defence and civil expenditure 
2.12.  Between  FY  1980  and  FY  1988  federal  s~ending  on  R&D 
grew by an estimated  26%  in constant dollar terms1  .  But defence 
R&D  expenditure  grew  by  83%  in  real  terms  while  civilian  R&D 
expenditure  fell  by  24%.  As  a  result of  these  divergent  budget 
trends,  in  FY  1988  defence accounted  for about  67%  of  the federal 
.R&D  effort,  compared with  46%  in  FY  1980. 
2.13.  Equally striking is that the fastest growing element of 
defence  R&D  has  been  development.  Between  1980  and  1988  defence 
development  doubled  in  real  terms.  During  the  ·same  period 
Department of  Defense  funding  of basic research spending actually 
fell in real terms  17 
2.14.  For  non-defence  spending  the  picture  is  quite  the 
opposite.  A  striking  feature  of  the  pattern  of  recent  Federal 
spending  is  that,  while  spending  on  civil  research  has  fallen 
overall,  spendina  on  basic  research  has  actually  increased  by 
some  40%,  notably  in  the  physical  sciences,  mathematics  and 
engineering: 
16 
17 
Figures  are  from  "Research  and  Development  FY  1989" 
American  Association  for  the  Advancement  of  Science, 
Report  XIII,1988. 
The  attribution  of  particular projects  to  one  category 
or  another  is  subject  to  question:  some  "development" 
projects,  for  example,  have  undoubtedly  had  a  more 
fundamental.  research  element  in  them.  The  trend 
towards  development is nevertheless  striking. 
41 Table 2.7. 
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US  Defence and Ron-defence  R&D  by 
character of work 
FY  1980 
Actual 
FY  1988 
Estimated 
Percent Change 
Current $  Constant 
$ 
<budget authority in billions> 
DEFENCE  R&D 
Basic Research 
Applied Research 
Development 
NON  DEFENCE  R&D 
Basic Research 
Applied Research 
Development 
Source: 
15.0  40.3  169  83 
0.6  0.9  64  11 
1.9  2.6  38  -7 
12.5  36.7  194  99 
16.7  18.8  13  -24 
4.2  8.6  107  40 
s.o  6.5  29  -13 
7.5  3.7  -SO  -66 
Table  3  of  Research  and  Development  FY  1989,  AAAS 
Report  XIII,  American  Association  for  the 
Advancement of  Science,Washington  DC  1988. 
With  the  1989  budget  under pressure the Administration  continued 
to press  for an  increase in basic research of  $600  millions. 
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2.15.  The  breakdown  of  Federal  spending  by  category is given 
in  Table  2. 8.  This  demonstrates  a  flattening  of  expenditure  in 
the  energy . field,  rising  expenditure  on  health  research  and 
increas~ng expenditure on general  science: 
Table 2.8. 
Defence 
Non-defence 
Space 
Health 
Energy 
General Science 
All Other 
TOTAL 
US  Federal R&D  expenditure 
1972  - 1988 by area 
Constant 1982 dollars 
FY  1972  FY  1986 
22.2  33.1 
17.6  14.6 
6.0  2.0 
4.4  5.1 
1.3  2.1 
1.6  1.8 
4.2  4.0 
39.8  47.7 
Source:  Table  1-4 of  source to Table  2.7. 
The  spin-off  from military R&D 
FY  1988 
34.0 
16.1 
2.0 
6.0 
1.9 
1.9 
4.2 
50.1 
2.16.  It  is  difficult  to  analyse  with  · prec~s.ton  the 
industrial  spin-off  from  military  R&D.  There  have  undoubtedly 
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been  important  spin-offs  in  the  fields  of  materials,  aircraft 
engineering,  vehicle  technology,  computer  technology  and  systems 
engineering  from  defence  expenditure  in  general  and  from  SDI  in 
particular.  Moreover,  the  fact  that  45%  of  the  work  funded  by 
the  Federal  budget  for  R&D  has  COI\tinued  to  be  carried  out  by 
industry  has  meant  close  industrial  involvement  in  Federal 
research efforts and  the continuing availability of  ready markets 
for  the  products  of  industrial  R&D.  But  the  more  defence 
research  has  been  tailored  to  the  needs  of  specific  military. 
defence  requirements  in  terms  of  weapons  systems,  communications 
equipment  and  so  on,  the  more  doubts  have  been  expressed  inside 
the  USA  about  the  broader  industrial  benefits.  The  Administra-
tion  has  responded  with  a  number  of  measures  to  increase  the 
potential  benefits  to  industry and  competitiveness  from  federal-
ly-funded  research,  industry  military  R&D.  These  include, 
notably,  the  Federal  Technology  Transfer  Act  of  1986  and  the 
"Competitiveness  Initiative"  of  27  January  1987,  which  provide  a 
new  framework  for  encouragipg  cooperation  among  Federal 
laboratories and  between  them and universities and  industry. 
The  European  situation  with  respect  to  spin-off  and  dual-use 
technologies is considered separately in Chapter III. 
Industrial  R&D 
2.17.  Table  2. 9.  gives  an  estimate  of  the  breakdown  of 
industrial  R&D  spending  by  area.  Computers  are  the  largest 
single  area,  followed  closely  by  the  automotive  industry,  then 
pharmaceuticals,  chemicals  and aerospace. 
44 Table  2.9. 
lnclusl.r·y  Spemlin~  foe  1-<f,J)  hy  Ht~~:inc·~;s  \~1·c~k 
Gr·oupin~s.  JI)H6  (in  mi II iu11~;) 
7.  C!•a•!ge 
1ndustr·y  I <J Rf1  fn>m  19HS 
Aerospace 
Appliances 
. Automat i ve 
cars,  trucks 
parts,  equipment 
Building Materials 
Chemicals 
Conglomerates 
Containers 
Drugs 
Electrical 
Electronics 
Food  and  Beverage 
Fuel 
Information  Processing 
computers 
office equipment 
peripherals 
software,  services 
Instrwnents:  measuring.devices, 
controls 
Leisure Time  Industries 
Machinery 
farm  consLruction 
machine  tools,  industrial 
and  mining 
Metals and  Mining 
Miscellaneous Manufacturing 
Oil Service  ~nd Supply 
Paper 
Personal and  Home  Care  Products 
Semiconductors 
Steel 
Telecommunications 
Textiles,  Apparels 
Tire,  Rubber 
Tobacco 
Total 
$3,583.9 
128.2 
7  '~0  1 . 7 
3~1.  0 
223.0 
3,662.2 
1,354.2 
19. '· 
4, 721.9 
1,86~.0 
2,586.3 
610.7 
1,958.4 
7,856.5 
2~9.2 
1,615.2 
468.0 
1,092.5 
1,467 ·'· 
681.7 
487.2 
203.9 
1,692.7 
699.5 
349.4 
794.3. 
1,309.6 
113.0 
.2. 762.0 
68.0 
549.8 
22.5 
$50,936.4 
Source:  Based  on  "R&D  Scoreboard,  1986"  (Business·Week, 
June  22,  1987).  . 
NOTE:  Based  on  SEC  data  for  companies  reporting  1986  sales 
of  $35  million or more,  and  R&D  expenses  amounting  to at 
le~st $1.0 million or  1.0 percent of sales. 
217. 
l 37. 
.... --·-- -· -···· 
• c;.,  1  _  ... 
127. 
8;! 
67. 
127. 
37. 
177. 
167. 
57. 
127. 
-117. 
16~ 
1;: 
97. 
1-7 7. 
2Z 
107. 
-77. 
107. 
157. 
117. 
-47. .. 
17. 
177. 
107. 
-117. 
17. 
-87. 
67. 
47. 
107. 
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Promoting  Industrial Cooperation 
2 .. 18.  The  Administration  has  also  taken  new  steps  to 
encourage  inter-firm  cooperation.  The  first  efforts  in  this 
direction  were  taken  under  the  Carter  Administration  through  a 
limited  relaxation  of  anti-trust  regulations.  Then  in  1984  the 
National  Cooperative  Research  Act  legalised  the  creation  of 
cooperative  associations  for  the  purpose  of  precompetitive 
research.  As  a  result  a  number  of  industrial  R&D  consortia  have 
been  established  to  pool  resources  in  order  to  lay  the 
foundations  for  regaining  US  competitiveness.  Those  most  hotly-
debated  is  SEMATECH,  a  Texas-based  consortium  in  the  micro-
electronics  field  which  is  receiving  Federal  budget  support 
<Department  of  Def~nse>  in  an  effort  to  improve  semi-conductor 
manufacturing  technology,  and  to  recapture  part  of  the  market 
lost in Japan. 
2.19.  The  framework  for  greater  efforts  in  R&D  by  industry 
also  includes  the  long-standing  Small  Business  Innovation 
Research  Programme  which  is  intended  to  encourage  R&D  in  small 
high-technology  business  and·  to  increase  their  involvement  in 
federal  R&D  programmes.  Under. the Small  Business  Development Act 
..  of  1982  all  federal  agencies  with  an  extra-mural  R&D  budget  in 
··excess  of  $100  million  are  required  to  assign  up  to  1. 25%  of 
their budget  to this goal.  In  1987  the total amount  of  research 
by  the  companies  aided  under  this  scheme  is  estimated  at  $2 
milliard. 
· 2. 20.  It  is  too  early  to  judge  the  success  of  the  various 
initiatives  to  promote  cooperation  within  the  USA.  One  of-the 
results  of  the  philosophy  underlying  the  Competitiveness 
Initiative, · which  is  the  subject  of  major  controversy,  seems 
likely  to  be  reduced  scientific  openness  as  a  result  of  such· 
measures  as  the  granting  of  exclusive  licences  by  Federal 
laboratories  to  contracting  companies,  and  more  selective 
admittance  by  third  country  participants,  reflecting  concern 
about  the  potentially negative  effects  of  "leakage"  as  a  result 
of  the  openness  of  the  US  research  community  and  society  more 
generally.  · 
International Cooperation in  R&D 
2. 21.  Such  concern  also  has  also  led  to  a  new  approach. to 
international  collaboration  in  science  and  technology.  The 
growing  costs  of  R&D  and  the  severe  budgetary  pressures  within 
the  USA  have  militated  in  favour  of  international  collaboration, 
opening  up  the  prospect  of  foreign  participation  in  "mega-
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projects"  such  as  the  superconducting  supercollider  ,  some 
elements  in  space  research,  an  international  approach  to  the 
sequencing  of  the  human  genome  and  so -on.  · But  concern  about 
"leakage"  has  also  led  to ·an  emphasis  in  the  US  approach  to 
international  cooperation  on  the  principle  of  "symmetrical 
access"  to  programmes,  facilities,  results  and,  ultimately, 
markets,  as  well  as  on  the  need  for stronger measures  to protect 
intellectual property rights.  This  new  emphasis  is reflected  in 
the  recent  agreement  on  cooperation  in  R&D  between  the  USA  and 
Japan. 
The  Prospect of Growing Skill Shortages 
2.22.  A  further  concern  in  the  USA  is  about  the  longer-term 
"output"  of  scientists  and  engineers.  As  noted  earlier,  there 
has  been  no  growth  in  the  share  of  R&D  personnel  in  the  labour 
force  for  a  number  of  years.  This  seems  Likely  to  continue. 
With  a  decreasing  number  of  college-age  students  in  the  United 
States  and  a  declining  percentage  of  high  school  graduates 
choosing to study science and engineering one estimatel8 suggests 
a  shortfall  of  more  than  500,000  scientists  and  engineers  by 
2010.  Meeting this potential shortfall is seen to require action 
to  encourage  more  women  and  minorities  to  train ·in  science  and 
engineering,  on  the  one  hand;  and  further  encouragement  of 
foreign  students  to  study and  to stay in the  United Statesl9,  on 
the  other.  At  the  post-doctoral  level,  moreover,  there will  be 
increasing  pressures  to  "poach"  skilled  R&D  personnel  from 
abroad. 
18 
19 
Changing  America:  The  new  Face  of  Science  & 
Engineering,  Interim Report of the'Task Force on  Women, 
Minorities  and  the  Handicapped  in  Science  and 
Technology,  Washington  DC  1988. 
See,  for  example  Picking  up  the  Pace  - the  Commercial 
Challenge  to  American  Innovation,  Council  on 
Competitiveness,  Washington  DC  1988. 
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.. (,iii).  DEVELOPMENTS  IN  JAPAN 
The Organisation of  Resources 
2.23.  In the space of  30  years  <1955-1985)  the Japanese share in 
the total  R&D  expenditure of  the six largest industrial countries 
rose  from  an  estimated  1%  to  16%,  placing it second  orily  to  the 
United  States20  ;  and  the  number  of  researchers  has  become  the 
second  largest  in  the  free  world.  As  noted earlier,  the  bulk of 
this  effort  has  been  in  the  civil  R&D  field,  although  Japanese 
methods  of  calculating  military  R&D  expenditure  may 
underestimate  the  military  effort  relative  to  that  of  European 
countries.  Certainly. the Japanese have  spent far  from negligible 
amounts  on  R&D  oriented towards  naval and airforce purposes. 
2.24.  The  private  sector  has  accounted  for  by  far  the  largest 
share  of  the  increase  in  expenditure,  notably  in . the  field. of 
natural  sciences.  Thus  in  1986  the  public  sector accounted  for 
only  17.6%  of  total  R&D  spending  on  natural  sciences  and · for 
about  25%  of  the  R&D  personnel.  The  private  sector, 
correspondingly,  provided  82.4%  of  the funding  and three-quarters 
Of • the  Staff  1  With::  l,tJ-1fStry  aCCOUnting  fOr  ..  ClOSe  tO  90\ ·Of. the 
pr1.vate sector effort  1  .  .  .  · 
·2.25.  This  private  sector  effort  has  taken  place,  however, 
within  the  framework  of  a  tradition of  long-term and  "consensus" 
planning and  linkages  between  industry,  government Ministries and 
agencies,  notably  MITI,  which  has· played  a  ·crucial  role  in 
coordinating  actions  between  industry,  universities  and  other 
government agencies  and  in helping to define  long-term technology 
priorities.  Strategies  covering  10-20  year  _periods  are  common 
both  in  industry  and  government,  and  Japanese  companies· and 
government  agencies  have  developed  a  complex  network  of 
"outlooksM  on  developments  in  R&D.  Industry has  also benefitted 
from  a  range of measures  to encourage the allocation of  resources 
to R&D  (tax incentives,  subsidies and conditional  loans>  and  from 
concerted  efforts  to  ensure  the  dissemination  of  R&D  -results 
<each  of  the  main  Japanese  Ministries  responsible  for  research 
appropriations  - MONBUSHO,  the Minist+,y of_Education,  the SCIENCE 
AND  TECHNOLOGY  AGENCY  and  MITI  itself ·- has  an  agency of its own 
concerned with dissemination and application of  R&D  results>. 
20  Estimate  from  the  1987  White  Paper  on. Science  and 
Technology,  Science and  Technology -Agencies,  Japan. 
21  Estimates made  by  EC  Delegation,  Tokyo. 
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Applied versus  basic  research 
2.26.  ·Historically,  the  bulk  of  the  Japanese  R&D  effort  has 
been  ·concentrated  on  applied  resea.rch  and,  even  more,  on 
development,  supporting  an  industrial  policy  based  on  the 
absorption  and  transformation  of  foreign  technology.  From  the 
middle of the  1960s particular efforts were made  <notably through 
the  Large-Scale  Project  Programme>  to  bring together  researchers 
from  private  industry  and  those  in universities  to  give  Japan  a 
leading  edge  in  applied  technologies  that  were  seen  as  of 
strategic  importance  <notably  information  technology).  To  a· 
certain  extent,  as  will  be  argued  below,  this  emphasis  has  now 
changed.  But  technology adoption is still the main  objective of 
Japanese  science  and  technology  policy.  Still today  expenditure 
on  applied  research  and  development  dwarfs  that  on  basic 
research.  According  to the  1987  Survey of  Science and  Technology 
Research  in  Japan22  62.3%  of  total  R&D  spending  in  1986  was 
oriented  towards  development  work,  24.4%  to applied  research  and 
13.3%  to  basic  research.  As  might  be  expected  the  academic 
institutions  account  for  the  major  share  of  this  basic  research 
and  industry  for  the  bulk  of  the  development  work.  But.  the 
importance  of  industrial basic  research has  been  growing:  in 
1986  commercial  organisations  funded  one-third  of  total  basic 
research  expenditure  in  the  natural  sciences.  Much  of  this  is 
application oriented. 
Table 2.10. 
Breakdown of Research Expenditure in the Natural Sciences by 
Sector & Type  FY  1986  % 
Total 
. Total  100 
Commercial  100 
Institutes 
National 
Research  100 
Institutions 
Academic  in-
stitutions 100 
B  a  s  i  c 
Research 
13.3 
6.1 
13.8 
54.2 
Source:  as  footnote  22. 
A  p  p  1  i  e  d 
Research 
24.4 
21.6 
27.4 
37.4 
Development 
62.3 
72.3 
58.8 
8.4 
22  The  Present  State  of  Science  and  Technology  in  Japan-
Summary  of  the  Results  of  the  1987  Science  and 
Technology  Research  SurVey,  the  Management  and 
Coordination Agency,  1987. 
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These  figures  probably understate the t.rends.  There. is much  more 
qualitative·  evidence  of  a  new  preoccupation  in  industry  and 
government  with  Japan's  basic  research  capacity  as  a  key  factor 
conditioning economic  and social progress in the  longer-term. 
2. 27.  This  preoccupation  h~s  been  outlined  most  vividly  in 
the  1987  and  1988 White  Papers  on  Science and Technology  from  the 
Japanese  Science  and  'l'echnology  Administration.  These  reports 
demonstrate  the  progress  already  made  by  Japan  in  establishing 
its  scientific  credentials  through  the  contribution  of  Japanese 
scientists  to  major  scientific  journals,  but  underline  also  the 
weakness  of  basic  research  relative  to  industrial  technology. 
These  sh~rtcomings derive  in part  from  the  limited experience  of 
fundamental  research  on  the  part  of  most  university-trained 
engin~ers  and  sci~ntists  since  the  brightest are  often  snapped 
up  by_  industry  before  completing  research  degrees.  The  1988 
Paper~3 argues explicitly that Japanese research on  basic science 
and  technology,  though  some  of  it  is  of  high  quality,  is 
insufficient  compared  ·  with  research  on  application  and 
development.  This, it is argued,  reflects in part a  low  level of 
·funding  by  public  authorities.  It  draws  attention  also  to  the 
less  than  satisfactory  level  of  researchers  with  masters  or 
doctoral degrees;  the  fact that there are  fewer  science graduates 
than  engineers;  and  there  is  a  lack  of  large-scale  research 
facilities and data-bases. 
International Cooperation 
2.28.  A  growing  recognition of  the  importance  for the  longer-
term of more  fundamental  research,  of  the increasing interactions 
between  basic  research,  technology  development  and  industrial 
competitiveness,  and of  the current Japanese  shortcomings  in this 
area have  led to a  new emphasis  on  international cooperation. 
Measures  have  been  taken  to  facilitate  the  participation  of 
foreign  research  workers  in  Japanese  programmes.  . The  launching 
of  The  Human  Frontier Science  Programme,  which  is  intended  to  be 
a  new  international  framework  for  increased cooperation  on  basic 
research in the  field of biological sciences,  is part of  the  same 
drive  to  help  remedy  perceived  shortcomings  in  scientific 
capacity· and  a.t  the  same  time  to  respond  to  critic  isms  of  the 
closed  nature  of  the  Japanese  scientific  and  technological 
system.  One  important  issue  for  the  future  will  be  to  ensure 
that  the  cooperation  that  ensues  provides  benefits  to  all  the 
parties concerned.  · 
23  Trends  and  Future  Tasks  in  Industrial  Technology-
Developing  Innovative  Technologies  to  support  the  21st 
Century,  MIT!,  September  1988. 
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(iv>  A  CHANGING  INTERNATIONAL  ENVIRONMENT 
2.29.  Apart  from  the  changing  preoccupations  of  Europe's  two 
main  competitors  <industrial  competitiveness  in  the  USA,  basic 
research in Japan>,  other factors  could-also impact  significantly 
on  the  international  environment  in  which  Europ~an  science  and 
technology  develop  in  the  longer-term.  Particularly  important 
will . be  the  future  direction ·of  the. Soviet  economy,· . on  the  one 
hand,  and  the  longer-term  results  of  science  -and  technology 
policies  in  the  newly-industrializing  countries  <NICs>  and  China 
on  the other.  · 
2. 30.  In  the  Soviet  Union  today  military  R&D  absorbes  a 
dominant  share  of  scientific talent and  budgetary resources.  At 
the  same  time  science management  has  been plagued by the  familiar 
bureaucratic ills associated with  the  centralised  command  system 
of  organisation.  President  Gorbachev' s  efforts  to  reform  and 
modernise the Soviet economy,  if successful, will inevitably mean 
some  reallocation  of  scientific  resources  to  civil  uses.  As  a 
consequence,  over  time  the  USSR  could  become  an  increasingly 
important  force  in terms  of  science and  technology.  The  USSR  has 
a  solid  tradition  of  theoretical  mathematics;  work  is  already 
under  way  on  the  Fifth  Generation  Computer;  the  Soviets  already 
have  considerable  expertise  in  areas  such  as  space,  advanced 
materials  and  molecular  biology.  They  have  already  by  far  the 
largest  number  in  the  world  of  scientists  and  engineers  engaged 
in  R&D  as  a  proportion of  their labour  force  - on  some  estimates 
65%  more  than  in  the  USA.  Economic  and  administrative  reforms 
are  likely  to  increase  the  effectiveness  with  which  these  human 
and  financial  resources  are deployed. 
2. 31.  During  recent  years,  European  industry  has  ·been 
confronted  with  increased  competitive  pressure  from  the  newly 
industrialising  countries  in  Asia  and  Latin  America.  This 
competition  concerns  traditional  industries  (textiles,  steel, 
shipbuilding,  automative  industries)  as well as  high  tech sectors 
<consumer  electronics,  IT  and  microelectronics,  space  and 
aeronautics).  This  challenge  will  become  even  more  serious  as 
the more  established NICs  have to face  new  competition  from  other 
industrialising  countries  (e.g.  Thailand,  Indonesia,  Malaysia, 
Philippines>  with  labour  costs  advantages  on  the  one  hand,  and 
offensive technology development strategies in the industrialised 
countries  ~n the other hand. 
Therefore  the  most  dynamic  NICs  are  now  planning  a  substantial 
growth  in  R&D  spending  and  a  strategy  for  the  development  of 
highly  qualified  personnel  who  will  be  very  much  on  a  par, 
scientifically,  with  their  counterparts  in  the  USA  but  at  the 
same  time  much  cheaper  <because  salaries will be  lower). 
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2.32.  Thi$  is  particularly clear in the.case  of  the  Republic 
of  Korea.  Up  to  now  Korea's  competitive  advantage  in,  notably, 
the electronics industry has  been·established on  the basis of  the 
successful  . import  and  adapt"i.:on  .of .  existing  technologies, 
combined.  with  ·cheap·  labour.  Its·  indigenous. ·  ~cientific  and 
research  c~pacity,  on  the  other  hand,  is  limited.  But  efforts 
are .  now  under  way  to .improve  the available  indigenous ·resources; 
notabl~ thrbugh  ~n expartsion 6f  giad~ate school education·in the 
scientific  fields,  joirit  efforts  among  existing  R&D  institutes, 
universities  and  industry. in  relation  to  selective  large-scate 
R&D  projects and  some  attempts  to  lay the  foundations  for  a  basic 
research capacity.  Public  R&D  spending  'is expected to grow  from 
2%  of  GNP  to more  than  3%  by  1991;  and  the  number  of  researchers 
will  grow  from  13/14  per  10,000  of  the· labour  force  in  1987  to a 
planned  30  in  2000.  This  reflects  a  growing  perception  that  as 
technology  becomes  more  sophisticated  an  increasing  scientific 
and  technical  capacity is  required  to  master,  exploit  and  adapt 
it.  Growing  wage  costs  and  currency  appreciation  have  also 
played  a  role  in  underlining  the  need  for  improved  indigenous 
scientific capacity. 
2.33.  Other  industrialising countries  in Asia  and  Latin  America 
too  have clearly recognised the  importance  for  the  longer-term of 
a  solid  indig~nous  scientific base and  research  capa~ity. 
Since  1984,  a  strong  industrial  restructuring  effort  has  been 
undertaken  in  Taiwan,  aiming  at  giving  priority  to  high  tech 
sectors,  notably  telecommunications,  integrated  ·IT  systems  and 
biotechnology.  With  a  US$  663  million civil  R&D  budget  in  1986, 
and  more  than  1%  of  GNP  allocated  to  R&D,  Taiwan  is  close  to 
Korean  standards,  including  a  high  proportion  (14  per  10,000>  of 
researchers  in its population. 
With  the  help  of  the  World  Bank,  Brazil  launched  its  ambitious 
Programme  for  Support  in  the  Development  of  Science  and 
Technology  (PADCT>  in  1982  which  was  further  extended  in  1986. 
R&D  funds,  which  reach  nearly  1%  of  the  GNP,  are  supporting 
projects  in  areas  vital  to  economic  development:  biotechnology, 
chemistry and  chemical engineering and geosciences. 
With  0.6%  of  GNP  devoted  to  R&D  and  a  considerable scientific and 
technological  potential,  India  is  emerg~ng as  a  nuclear  energy, 
space and  informatics  international actor. 
Other  developing  countries  which  have  clearly  recognised  the 
importance  for  the  longer-term  of  a  solid  indigenous  scientific 
base  and  research  capacity  include  Israel,  Hongkong,  Singapore 
and Argentina. 
2. 34.  In  China  the  improvement  of  scientific  and 
technological  capacity is  seen  as  fundamental  to  the  achievement 
of  ambitious  longer-term  goals  of  economic  growth  and 
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development.  Major  research programmes  have  been  launched,  aimed 
at catching  up  in the  mastery of  technology in  seven  main  fields 
- biotechnology,  aerospace,  information  technology,  lasers, 
robotics,  energy  and  advanced  materials.  Other  programmes  are 
aimed  at  increasing  the  technological  inputs  to  the  export 
industries  and  the  level  of  scientific  and  technical  education 
more  generally.  Already  China  is  attempting  to  enter  th~ 
international satellite launching market. 
2. 35.  The  longer-term  consequences  of  these  trends  for  the 
advance  of  scientific  knowledge  and  for  the  pattern  of  world 
economic  growth and  trade are clearly impossible to predict.  But 
the  increasing  importance  attached  to  science  and  technology  in 
all  these  countries  and  the  potential  for  the  emergence  of 
significant  new  science  and  technology  powers  are  factors  which 
European  countries cannot ignore in their own  approach  to science 
and  technology policies at a  national,  European  and  international 
level. 
53 Europe as a  whole is spending less on  R&D  than its major 
competitorsi  and-European industry·  much less. 
Moreover,  the share of research scientists and engineers 
in the labour force is significantly higher in the USA 
and Japan. 
Despite its own  problems of industrial competitiveness 
the USA  continues to benefit from major advantages in the 
field of R&D  (market size,  levels of military R&D  expen-
diture)  and renewed efforts are being made to maximise the 
industrial spin-off from Federally-funded programmes  <in-
cluding,  notably, military R&D)  as well as to improve 
interfirm cooperation.  There is also an increasing trend 
towards tighter restrictions on the flow of scientific and 
technical knowledge out of the USA. 
Japan for its part is now extending its expertise 
into the field of basic research to complement its 
strong  position in applied research and 
technological  development. 
This reflects not only a  wish for greater integration into 
the internationnal scientific community,  but also the re-
cognition that a  capacity in basic research will be essen-
tial in order to influence the direction of techno-
logical  development in the future. 
Other industrialising countries are also beginning to 
deve~op an indigenous S/T capacity. 
Europe  faces major challenges  from this changing inter-
national environment. 
31 
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III  MOBILISING  EUROPE'S  RESOURCES 
( i)  AT  A  NATIONAL  LEVEL 
3.1.  A  growing  recognition  of  the  challenges  facing  Europe  has 
already  led  to  some  considerable  rethinking  of  national  science 
and  technology  policies  during  the  1980s.  This  has  been 
characterised  by  redefinitions  of  public  sector  expenditure 
priorities,  both  as  between  RTD  and  other  public  policies  and 
within  RTD  budgets  themselves;  a  more  important  industrial 
orientation in most countries;  a  new  focus  on measures  to  improve 
cooperation  between  industry  and  universities;  a  concern  about 
the pattern of higher education and  training at one  end  ahd.about 
the  pace  of  innovation-at  the  other;  and  the  search  for  better 
value  for  money  through  improvement  in  the  mechanisms  for 
evaluating  choices  between  funding  priorities and  the  success  of 
programmes.  This  process  of  reevaluation  is still going  on:  in 
the  United  Kingdom  a  major  review  of  science  policy  has  been 
under  way;  in  Italy  and  Spain  there  have  been  important 
reorganizations  of  the  administrative  apparatus  for· dealing with 
science  policy;  Germany  has  witnessed  recent  changes  in  the 
pattern  of  Federal  spending  with  a  greater  priority  now  to  be 
..  given to space research. 
The  Resources  Applied to  R&D 
3. 2.  The  picture  varies  considerably  among  Community  Member 
States  in the  share of  national  resources  devoted  to  R&D;  in  the 
relative importance of  the public and private sectors;  and  in the 
sectors to which. resources are applied. 
3.3~  In  terms  of  the  R&D  effort the  total volume  of  spending is 
dominated  by  three  countries:  Germany,  the  United  Kingdom  and 
France  which  together  account  for  over  three-quarters  of  total 
public  and  private  spending  on  research  and  development  in  the 
European  Community.  Indeed  it  is  characteristic  of  US  and 
Japanese  observers  to  compare  the  performance  of  their  own 
countries with these three countries,  and especially with  Germany 
which  accounts  for around  30%  of  the total. 
3. 4.  All  three  countries,  together  with  the  Netherlands,  have 
higher  than  Community  average  shares  of  GOP·  allocated  to  R&D. 
Once  again  the  German  position  stands  out  from  the  qthers,  with 
some  2. 8%  ('19~7 >.  Both·  France  and  Germany  h.ave  been  most 
successful in increasing total expenditure,  with  incre~ses in the 
R&D  intensity  of  their  economies  of  18%  and  26%  respectively 
between  1975  and  1985. 
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3. 5.:  At  the  other  end  of  the  spectrum  lie  Spain,  Portugal  and 
Greece,  with shares ·of  R&D  in  GOP  of  respectively  0. 7%,  "0.4%  and 
0.35%  •  In  all of  these  countries  public  policy  has  emphasized 
the  need  for  increasing  expenditure,  but  this  appears  so  far  to 
have  achieved  significant  results  only  in  Spain,  where· even  in 
the mid-1980s  the intensity o·f  the  R&D  efforts was  below  0. 5%. 
3. 6.  The  rema1.n1.ng  Community  countries  lie  between  these  two 
extremes.  Here  Italy's  performance  is  the  most  striking,  with 
rapid  growth  in  resources  devoted  to  R&D  throughout  the  1980s. · 
In  real  terms  total  <public  and  private>  expenditure  on  R&D  grew 
by well  over  10%  per year,  pushing  up  the  share of  R&D  in GNP  to 
around  1.5%  in.1986.  There  is  a  policy objective  to double  this 
figure  by the early 1990s. 
The Intensity of  R&D  Spending by Member States: 
GERMANY 
FRANCE 
UK 
NETHERLANDS 
BELGIUM 
DENMARK 
ITALY 
IRELAND 
SPAIN 
PORTUGAL 
GREECE 
R&D  as  a  percentage of  GOP 
<1987  or nearest year) 
1981  1987 
2.45  2.8· 
2.0  2  .. 35 
2.4  2.3* 
2.0  2.3 
n.a  1.5* 
1.1  1. 3* 
1.00  1. 5+ 
0.7  0.8 
0.4  0.7 
0.35  0.4** 
0.2  o.35+ 
Sources:  OECD  and national data.  Fig~res for  Luxembourg  not 
available. 
*  1985 
**  1984 
+  1986 
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3. 7.  The  significant  differences  among  Member  States  are  also 
evident  in  terms  of  numbers  of  research  personnel.  Table  3. 2. 
shows  that Germany and  France together account  for well over half 
of  the  entire  Community  R&D  personnel,  with  Germany  alone 
providing  some  35%. 
Table 3.2. 
GERMANY 
FRANCE 
UK 
ITALY 
NETHERLANDS 
SPAIN 
BELGIUM 
DENMAIUC 
PORTUGAL 
GREECE 
IRELAND 
Source: 
*  1986 
**  1983 
***  1984 
R&D  Personnel  <1985> 
Nos.  % of Community total 
(1000)  (EUR=100) 
398  35 
270  24 
174•  15 
118  10.5 
61.5  5.5 
32  3 
32**  3 
20  2 
9***  1 
6**  0.5 
6***  0.5 
OECD  and national data. 
Nos.  per 1000 
employed(1983) 
4.8 
3.9 
2.7 
3.7 
1.0 
2.6 
2.7 
0.7 
0.6 
2.8  (1984) 
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3. 8.  In  terms  of  the  relative  importance  of  the  public  and 
private  sectors  as  sources  of  funding  for  R&D  and  as 
"performers",·  the  position  also  varies  considerably.  In  all 
Community  c.ountries  the  public  sector  remains  a  crucially 
important source of  funds.  In only Germany and  Belgium is public 
spending  on  R&D  less  than business  expenditure.  The  increase  in 
German expenditure on R&D,  moreover,  has  been due more  to growing 
business  expenditure  than  to public expenditure,  and  the  private 
sector has  accounted as  a  result for  a  growing  share of the total 
R&D  funding.  In  Germany  too  a  larger  share  of  publicly-funded 
research  than  in other  Community  Member  States is carried out by 
the  private  sector.  In  Italy and  France,  on  the  other  hand,  the 
improvement in R&D  intensity has  been  the result,  principally,  of 
increased government expenditure.  · 
Table 3.3. 
Financing and Execution of R&D  in 
the Community,  1985 
Financing 
Shares  in % 
Execution 
Shares  in % 
Business  Public Sector  Business  Public  Sector  Other 
<univers. 
etc> 
BELGIUM  (66)*  (34)*  (69)*  --<31)*--
DENMARK  49  46  55  21  24 
GERMANY  61  38  72  12  16 
GRE.ECE  26  74  n.a  n.a  il.a 
SPAIN  49*  50*  (40)**  --{60}**--
FRANCE  41  53  59  25  16 
IRELAND  45  47  51  --49--
ITALY  45  52  57  --43--
. NETHER  50  45  55  19  26 
LANDS 
PORTUGAL  n.a  62  n.a  n.a  n.a 
UNITED  46  43  63  20  17 
KINGDOM 
Source:  OECD  and  National  data  - Figures  for  Luxembourg  not 
available. 
*  1983' 
**  Estimates  for  1987 
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3. 9.  Table  3. 4.  illustrates  in  summary  from  the  differences 
between  Member  States  in  their  levels  of  R&D  intensity  <both 
total and  industry-intensity>  and also in levels of  employment  in 
utechnology-based"  industries.  The  outstanding  position  of 
Germany  contrasts  with  that of  the  less-developed  members  of  the 
Community: 
Table 3.4. 
GERKAHY 
FRANCE 
UK 
NETHER 
LANDS 
BELGIUM 
DENHARX 
ITALY 
IRELAND 
SPAIN 
PORTUGAL 
GREECE 
A 
R&D  Intensity 
<total)  · 
134 
113 
120 
107 
72 
60 
59 
41 
23 
18 
11 
Indicators of RTD 
EC(l2)  = 100 
B 
Business  R&D 
Intensity 
138 
111 
83 
102 
72 
80 
46 
49 
7.5 
17 
5 
c 
•Hi.gh  'Tech• 
Employment 
118.5 
95 
102 
95 
90 
70 
80 
82 
n.a 
n.a 
n.a· 
Source:  derived.  from  STRIDE . report,  National 
and  Technology,  Dublin,  November  1987. 
R&D  Intensity =  Total expenditure on  R&D/GOP. 
D 
Composite  Index 
131 
108 
106 
103 
76 
68 
61 
53 
18 
n.a 
n.a 
Board  for  Science 
Business  R&D  Intensity =  Business expenditure on  R&D/Gross  Value~Added. 
High-Tech employment  =  emploiroent  in chemicals,  man-made  fibres,  office 
machinery  .and  data-processing  machinery,  processing  of  rubber  and 
plastics,  nuclear fuels  - aggregated  and  expressed  as  a  ratio to  total 
employment  in all industries.  The  composite  index  at  D  is  a  weighted 
averaqe.of  A,B  and  C. 
Data 'are for  1983  and  1984,  except for Portugal  <1982>. 
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Regional  Differences in  RTD  Capacity 
3.10.  Such differences in R&D  resources  and  their use are evn 
more  striking  if  measured  at  the  regional  level.  In  1987  the 
Europen  Commission  invited a  group of  external experts to analyse 
the  situation  at  regional  level.  Their  extensive  report24 
(summarised  at  Annex  13)  highlighted regional dispariries  in  R&D 
spending and  in technology levels that are much greater even  than 
those  in  terms  of  GOP  per  capita  .  Even  as  between  the  Member 
States  themselves  (Table  3.4.)  there  is  a  difference  of  12:1  in 
levels  of  R&D  intensity and  of  28:1  in the  intensity of  business 
investment  in  R&D.  At  a  sub-national  level  the  disparities  are 
much  greater.  In  terms  of  the intensity of  business  expenditure 
on  R&D,  for  example  Oberbayern  enjoys  a  score  three  times  the 
Community  average,  while  in  a  number  of  regions  in Italy,  Spain, 
Greece  and  Portugal  both  business  e.xpenditure  on  R&D  and 
expenditure  by  the  higher  eduqation  sector  are  negligible.  The 
consequences  for  desirable  policy  approaches  are  discussed  in 
Chapter V. 
It should  be  added,  that the  link between  R&D  intensity and  rates 
of  economic  growth  is  not  a  simple  one,  as  the  case  of  Denmark 
illustrates.  Denmark  has  a  lower  than  average  level  of  R&D 
intensity.  But  Danish  policy  <c£.5.20  below)  has  concentrated 
·  .. much  effort  on  the  diffusion ·and  adoption  of  technologies,  with 
R,&D  resources  directed  to  areas  in  which  Danish  industry  is 
strong.  Denmark  offers  an  interesting  model  of  "small  country" 
or regional strategy. 
Trends  in R&D  Policies and  Public Funding 
3 .11.  In  the majority of  Community  Member. States  there has -been 
a  real  growth  during  the  1980s ·in  the  government  appropriations 
for  R&D.  This  has  been  most  striking in the  case  of  some of  the 
less  developed  countries  (notably  Greece  and  Spain>  and  in 
France,  Italy  and  Denmark,  each·  of  which  has  increased  R&D 
resources  faster  than  GOP  <table  3.  5 ~ >  Many  of  these ·countries 
have  increased public expenditure on.R&D  more quickly·than public 
expenditure overall.  · 
Overall. expenditure  in  the  UK,  on  the  other  hand,  has  held 
broadly  stable  in  real  terms  for  much  of. the  1980s,  with  some 
redeployment of defence  R&D  expenditures to the· civil sector.  In 
Germany  1  as  noted· earlier  1  government  appropriations  have  grown 
. 24  Research  and  Technological  Development  in  the  Less 
Favoured  Regions  of the Community  <STRIDE>,  and  STRIDE-
Science  and  Technology  ..  for  Regional  Innovation  and 
Development  in  Europe,  1987.  Figures  are  from  Tables 
5.1.  and  5.2.  of  the latter document. 
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Netherlands 
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United  Kingdom 
I  EUR  1  2  I  European  Communities 
Gc~~-~haractcristics of  budget  appropriation~-~Er  R&O  in  1~86 
I 
I 
Government  R&D  ap-
propriations  in 
1986  at  current 
values  and  ex-
change  rates 
(million  ECU> 
total  civil 
653  642 
509  507 
10049  8832 
99  97 
802  76&. 
10273  6935 
116  116 
4409  4033 
1705  1658 
92  92 
6787  3329 
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I  661  661 
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only modestly compared with private sector financing. 
3.12.  As  far as  the distribution of public  funds  among  different 
categories  of  expenditure  is  concerned  there  are  again  wide 
differences  (Table 3.6.). 
Even  between  the  three largest spenders  <Germany,  France  and  the 
UK)  there  are  major  divergences  as  a  consequence  in  the  first 
place  of  defe~ce  expenditure,  which  accounts  for  51%  of  total 
expenditure  in  the  UK,  for  34%  in  France  and  for  12.5%  in 
Germany. 
In the civil sector,  the most  important categories of  expenditure 
a~e,  generally,  research  financed  from  general  university  funds 
·and  non-oriented  research.  The  Netherlands  and  Belgium 
concentrate  much  of  their  R&D  support  in  the  universities,  and. 
Germany  and  Denmark  also  give  above-average  shares  of  total 
public  funding  for  research  to  higher  educational  institutions. 
In the United Kingdom,  on the other hand,  the percentage of  funds 
going  to  the  universities  for  research  purposes  is  well  below 
average  and  that  to finance  non-oriented  research significantly 
below  and  declining;  while  in  France  the  picture is mixed,  with 
university-funding  below  average ·but  support  for  non-oriented 
research high. 
Outside  these  categories  Germany  and  the  Netherlands  spend 
higher-than-average  shares  of  public  funds .  on  environmental 
research;  Italy  has  focussed  in  the  past  a  particular  resource 
effort  on  energy  (notably  nuclear. energy>  research;  Greece, 
Denmark,  Ireland  and  Portugal  on  R&D  to  improve  agricultural 
productivity.  But  generally  the  most  important  growth  sector 
during  the  1980s  has  been  R&D  on  industrial technologies,  where 
there  have  been  major  investments  by  Germany,  France,  Italy,· 
Spain,  Ireland and  Denmark  in particular. 
3.13.  This  latter feature  of  R&D  budgets  is associated with  the 
greater general  industrial orientation in public  R&D  policy than 
hitherto.  This has.been characterized by: 
•  measures  to  encourage  higher  levels  of  spending  on 
research  and  development  by  industry  itself.  Practically 
all  Member  States  now  provide  some  form  of  tax  relief  for 
industry  on  R&D  investment.  Many  offer,  in  addition, 
financial·  incentives  in  the  form  of  grants- or  loans.  As 
noted  above,  the  Netherlands  and  Germany,  in  particular, 
have witnessed a  steady and  significant growth  in industrial 
R&D  spending; 
the  targetting  of  financial  support  on  specific  "high" 
technologies  with  major  industrial  applications. 
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Information  technology  has  been  the  focus  of  particular 
attention  in  most  countries  (early  examples  of  national 
policy  initiatives  in  the  1980s  included  the  Plan  d'Action 
de  Fili~re  Electronique  in  France,  the  Information 
Stimulation  Plan  in  the  Netherlands,  the  Alvey  Programme  in 
the  UK.  These  are now  being  phased  out  ,  to  a  large extent 
superseded by transnational actions  <see  3.49  below>; 
o  measures  to  promote  better  technology  transfer  - the· 
dissemination  of  research  findings  to  industry.  Generally 
this  has  been  concentrated  on  the  results  of  civilian 
research efforts.  But  in the  UK  earlier •this  year  a  scheme 
was  launched  <the  Civilian  Industrial  Access  Scheme>  to 
increase  the  spin-off  to  industry  from  defence  R&D  by 
encouraging  industry  to  make  greater  use  of  the  technical 
expertise and facilities of defence research establishments; 
o  a  new  emphasis  on  cooperation  between  government 
research bodies,  higher education institutions and  industry. 
In  the  United  Kingdom,  for  example,  the  LINK  initiative was 
launched  in  December  1986  to  encourage  collaborative 
programmes  between  the  three  parties  in pre-competitive but 
industrially-relevant research. 
3.14.  A  sharper focus  on  industry-oriented  R&D  has  meant  also 
a  greater  emphasis  in  public  support  on  more  "down-stream"  R&D, 
with more  immediate  commercial application.  The  picture varies  a 
good  deal  across  the  Member  States,  but  in  many  the  balance 
between  support  for  basic  research  and  applied  research  has 
shifted in favour of the latter.  Public expenditure constraints, 
the  rising  cost  of  much  basic  research,  and  increasing  emphasis 
on  measurable  cost-effectiveness  have  all  contributed  to  this 
trend  in  a  process  that  has  been  dubbed  "the  shift  from  science 
to  technology  policy" 25.  In  some  countries  <France,  Germany, 
Netherlands>,  non-oriented  research  continues  to be  given  a  high 
level  of  priority,  alongside  support  for  pre-competitive 
industry-oriented R&D.  In the United  Kingdom,  on  the other hand, · 
the public  funding of basic research has  been downgraded  relative 
to  the  financing  of  pre-competitive applied  R&D,  this  reflecting 
a  particular  UK  concern  about  the  perceived  difficulty  of 
translating British invention into innovation. 
25  See  STRIDE  report. 
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Duplication and  Overlap 
3.15.  Outlines  of  the  situation in each of  the  Member  States 
are  given  in the  short  synopses  that  follow.  More  detail  is  to 
be  found  in  Annex. 12,  which. reflects  the  ongoing  work  within 
CREST  to  compare  natiQnal  policies  and  identify potential  areas 
for  cooperation.  This  process,  which  is discussed  further  below 
under  Policy  Coordination,  is  not  yet  complete.  It is  already 
clear,  however,  that .there are areas  where  duplication  c;>f  effort· 
and overlap do exist.  One  aim of subsequent reports  on the state· 
of  science and  technology will be to highlight these areas. 
Dual  Use  Technologies 
3.16.  One  difficult  question  in  this  context  is  the 
difference  among  Member  States in the organisation of  R&D  on  so-
·. called  "dual-use"  technologies.  The  common  features  in  the 
technological  requirements  of  the  defence  and  civil  sectors 
affect  several  key  areas:  sensor  and  signal/image  processing,_. 
complex  system  design  and  information  processing,· man-machine 
interfaces,  vehicle technology,  advanced design and manufacturing 
technology,  electronics/  microelectronics/  optoelectronics/ 
bioelectronics,  communications,  advanced  . materials,  medical 
technology,  electrical  and  mechanical  engineering,  and  energy 
conversion. 
The  development  of  these  dual-use  technologies  is  funded  in 
Europe  through  defence  and/or civil R&D  programmes,  depending  on 
the country and the degree of  resources devoted to military R&D. 
The  need  to  improve  coherence  between  civil  and  defense 
programmes,  where  they  overlap,  in  order  to optimise  the  use  of 
resources  (manpower  and  financial>  has  been  recognised  at 
national level  (cf.  3.13  above>  and mechanisms  are: implemented  in 
the·  principal  countries  to  avoid  unnecessary  duplication  and 
promote technology transfer from civil to defense  and  vice versa. 
These efforts to promote  the optimal use of resources at national 
level are reasonably successful  in some  areas but more  remains  to 
be  done  in  other  areas  where  duplications  or  barriers  to 
technology tran·sfer remain significant. 
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3.17.  However,  the most  significant duplication arises not in 
national  programmes  but  between  European  countries.  To  the 
extent that civil applications are taking the  lead in driving the 
development of  several dual-use technologies,  civil programmes  to 
promote  European  technological  cooperation,  in  particular 
Community  programmes  and  EUREKA  contribute  to  a  more  efficient 
use of  resources  <see  below>  Their impact is however,  inevitably 
limited,  given their size and  scope.  · 
In  those  technological  fields  which  are  more  driven  by  defence 
applications,  much  remains  to  be  done  to  establish  effective 
cooperation between countries. 
Another  trend which  is  important  in discussing the  harmonisation 
of  defence  and  civil  research  efforts  to  establish  a  broad 
competitive  technology  base  is  the  escalation  of  the  cost  of 
developing  and  producing  military  equipment.  This  has  led 
defence  departments  in  Europe  to  reduce  their  support  for  some 
dual-use  technologies  and  to  concentrate  their  resources  on 
military-specific developments  <a  trend observed in the USA- cf. 
Chapter  I I >  . 
··While  this  trend  reduces  the  risk  of  duplications  between  civil 
and defence  programmes,  it also implies that an additional effort 
by  industry  or  through  civil  programmes  is  needed  to  maintain  a 
broad competitive technology base  in Europe. 
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BELGIUM 
GROSS  DOMESTIC  PRODUCT  !GDPl 
exchange  ratesl  (1905) 
104.5 Billion  ECU  !at current prices and 
GROSS  domestic  EXPENDITURE  for  R&D  !GERDl  1.542.6 rtio  ECU  Cest.l  !19051 
GERD/GDP  :  1. 48  't  ! est. l  ( 1985l 
NATIONAL  BUDGET  49.112 Mio  ECU  (1986l 
R&D  BUDGET  :  652.6 Hio  ECU  !1986) 
R&D  BUQGEI/NATIONAL  BUPGET:  1.33 't  (1986) 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  N.A. 
PERCENTAGE  OF  GERD  financed  by  industry  :  N.A. 
PEFENCE  R & D AS  A 't OF  TOTAL-GOVERNEHENT  APPROPRIATIONS:  1.6 't !19961 
RESPONSIBLE  MINISTRY  FOR  S&T  :  Deputy  Prime Minister,  Responsible  for  the 
Budget  and  the Science Policy. 
STRUCTURE  of  S&T  POLICY  :  The  coordination of the whole  structure is the 
responsibility of  the Science  Policy Office  <nservices de  Programmation 
de  la  Politique  Scientifique"l  belonging  to  the  Prime  Minister's 
Services.  However,  a  significant portio.n of  the nscience  policy budget" 
is the direct responsibility of the different ministries. 
NATIONAL  PRIORI-TIES  : 
1.  Hore  concentration of funds  on. selected research topics: 
informatics  <Artificial  intelligence,  software  and 
microelectronics); 
biotechnology and  biosciences; 
aerospace; 
new  materials; 
telecommunications;' 
oceanography. 
2.  Increased  support  for  fundamental 
between  university and  industry; 
research  and  cooperation 
3.  Hore  incentives  to  industry  in order 
one  of the highest  in  Europe  about 
to  increase its share  <already 
62  't  in 1985)  in  the overall 
funding  of R & D; 
4.  Maximum  encouragement  of participation  in Community  and  international 
programmes. 
TRENDS  :  The  responsible  government  officials  state  that  the  ratio 
GERD/GDP  should  rise  from  about  1  .• 5  't to the same  level as Netherlands 
<about  2. 3  4)  but  after a  budget :increase  in  1985  the overall  funding. 
shows  only marginal  increases. 
COMMENTS  :  The  new  federal  structures of  the Belgian State,  may  lead  to  a 
different  share  of  the  coordination  of  rese~rch  among  linguistic 
.communities,  regions  and national  authorities.  Hawever,  at  international. 
1evel  the  national  ~uthority  ·should  be  totally  responsible  for 
coordination.  · 
nov.  1988 
68 ,--------------
1  DENHARK 
GROSS  DOMESTIC  PRODUCT  CGDPJ 
exchange  ~atesl  119851 
76.4  Dillion  ECU  !at  cur~ent prices  and 
GROSS  domestic  EXPENDITURE  fo~ R&D  !GERDl  959.3  Hio  ECU  11985) 
GERD/GDP:  1.26  ~ 119851 
NATIONAL  BUDGET  32,738  Hio  ECU  11986) 
R&D  BUDGET  :  508.7 Hio  ECU  119861 
R&D  BUQGET/NATIONAL  OUQGET:  1.55  ~ 11986) 
PERCENTAGE  Of  GERD  financed  by  industry  :  48.9  ~ 119851 
DEFENCE  R & D AS  A ~ Of  TOTAL  GOVERNMENT  APPROPRIATIONS  0.4 l;  (1986) 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  3.1  C1985l 
RESPONSIBLE  HINISTRV  FOR  S&T 
the  Hinist~y of  Indust~y. 
The  Ministry of Education and Research and 
STRUCTURE  of  S&T  POLICY':  Each  Ministry has  responsibility for supporting 
research related to its function.  The  Government's  internal  co-ordination 
of  S&T  policy  is  guided  by  its National  Research  Committee  unde~ the 
chairmanship of  the  Minister  of  Education  and  Research  and  by  its 
Industrial  Policy  Committee  chaired  by  the Ministry  of Industry.  Both 
ministries have advisory councils  Cthe  council  for Research  Policy and 
Planning  and  the  Council  of  Technology).  The  largest shares of  the 
national  R  &  D are  funded  by  the Ministry of Education  and  Research.  !more 
than  50~~. the Ministry of  Industry  Cabout  25  ~l. 
NATIONAL  PRIORITIES  :  S  & I  is a 
1980's  in  Denmark.  Three  topics have 
- Information Technology; 
- Material  research; 
- Basic  Biotechnical  R & D. 
top priority policy area in  the  mid-
been declared  : 
Host  Danish  companies  are SHEs  and special  Government  effort is necessary 
to  aid  the  dissemination  of  information  on  new  technology  and  its 
adoption. 
TRENDS  :  Denmark  ranks  amongst  the  EC  Member  States which  spend  between 
l  ~ and  2  ~of the  GOP  for R & D.  Since  1980  an  increase of about  8  ~per 
year has  been  registered.  The  Government's  plans provide  for  a  GERD  of 
about  2.3  ~ of  GOP  for  the year 2000. 
COMMENTS  . Danish  research  and  technology  rely on  wide  international 
cooperation.  About  5  ~ of  the national  R  & D resources are  attributed to 
participation  in  international  cooperation,  including  the  EC  R & D 
programmes.  Participation  in Nordic  research cooperation  is of  importance 
to  Denmark. 
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FEDERAL  R£1'UIII.IC  Of  GERMANY 
GROSS  DOMESTIC  PRODUCT  !GDPl  :  826.4  Dillion  ECU  !at current prices and 
exchange  rates>  I 19851 
GROSS  domestic  EXPENDITURE  for  R&D  !GERDl  22,009.4  11io  ECU  119851 
GERD/GDP  :  2.66  ~  119851 
NATIONAL  BUDGET  238,935 11io  ECU  119861 
R&D  BUDGET  :  10,049  Hio  ECU  119861 
R&D  BUDGET/NATIONAL  BUDGET  :  4.20  ~ !1986) 
PERCENTAGE  OF  GERD  financed  by  industry  :  60.9  ~ (1985) 
DEFENCE  R & D AS  A X OF  TOTAL  GOVERNMENT  APPROPRIATIONS  12.4 X !19861 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  4.8  C1983l 
RESPONSIBLE  MINISTRY  FOR  S&T  : 
The  Federal  Ministry  for  Research  and  Technology  CBMFT> 
Ministries of the  Lander Governments. 
and  the 
STRUCTURE  of S&T  POLICY  : 
The  Federal  and  the  Lander Governments  attach  importance  to the  freedom 
of  research  and  the principles of  "subsidiary funding".  The  Lander have 
mainly  the  responsibility for  R &  D in  the universities  <about  13  X of 
1987  total R  &  Dl;  the  Federal  Government  is  responsible  for non-
university  R  &  D  <about  24  X  of  1987  totall.  The  funding  of  the 
supporting bodies  CDFG,  HPG,  FhG>  and  the national  research centres  is 
shared  between  th~  Federal  and  the  Lander  Governments.  The  Government 
believes that  in a  free-market  economy  the primary responsibility for  R&D 
is that of  industry  C61  X of  the  1987  total  R & Dl.  Further strengthening 
of  performance  and  private initiative will  be assisted  by  tax  incentives 
which  will  be  provided within  the  1990  tax  reform. 
NATIONAL  PRIORITIES  : 
Increased promotion  of basic  research,  strengthening of research with 
long  term  prospects,  and  expansion of  preventive research  !ecology, 
health,  climatel; 
Promotion  of  industrial  research  in  the  area  of market oriented 
technologies; 
Improvement  of  the basic conditions  for  innovation 
Hore  specifically :  the  completion  of  the  Airbus 
technology;  ·  materials  research;  biotechnology; 
technologies  Claser,  thin-film>;  regenerative  energy 
TRENDS  : 
in SHEs. 
family;  information 
selected  physical 
technologies. 
National  R & D expenditure  increased between  1973  and  1987  from  2.1  X  to 
2.7  X  or  GDP.  The. business  sector's  contribution  to  global  R & D 
expenditure (increased  from  56  X  in  1981.  to  61  X  in  1987  and  is  far  the 
highest  among  the  EC  Member  States. 
COMMENTS  : 
Internation~l cooperation has a  high priority in the 
Germany.  About  8.2  X  of  the  Federal  Government 
commit ted  to  international  organisations  in  1987·. 
S&T  policy of  the  FR 
R&D  expenditure was 
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CHEECE 
GROSS  DOMEStiC  PRODUCT  (GDPJ 
exchange  rates!  (19851 
42.8  Dillion  ECU  Cat  current  prices and 
GROSS  domestic  EXPENDITURE  for  R&D  (GERDJ  148.9 Hio  ECU  (19051 
GERD/GQP  :  0.35  ~ (1985) 
NATIONAL  BUDGET  14,763  Hio  ECU  (19861 
R&D  BUDGET  :  99.5 nio  ECU  (19861 
R&D  BUDGET/NATIONAL  BUDGET  :  0.67  ~ (1986) 
PERCENTAGE  OF  GERP  financed  b:t  industry  :  26.3  ~ (1985) 
DEFENCE  R & 0  AS  A X OF  TOTAL  GOVERNMENT  APPROPRIATIONS  2. 7  ~ ( 1986) 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  0.8  (19831 
RESPONSIBLE  MINISTRY  FOR  S&T  : 
General  Secretariat of Research  and  Technology,  an  autonomous  body  within 
the Ministry of  Industry,  Energy  and  Technology. 
STRUCTURE  of  S&T  POLICY  : 
Each  ministry  is  responsible  for  its  own  research.  The  Ministry of 
Industry,  Energy  and  Technology  finances  43  X of  the  total  R &  D Public 
.  Expenditure  and,  the  Ministry  of  Education  29.2  X.  The  G.S.R.T. 
"coord-inates the R &  D efforts  between  the  various ministries,  Research 
Institutes,  sectoral  companies,  Universities  and  International 
Organizations. 
NATIONAL  PRIORITIES 
improvement of  the role of the  country  in  the  international division 
of  labour: 
establishment  of  institutional  infrastructure  for  scientific  and 
technological  development; 
~  production of scientific and  technological  results of quality; 
exploitation  of  research  results  and  assimilation  of  technology 
transfer  ; 
activation of  applied and.  technological  research for assimilation of 
imported  technology; 
making  public opinion more  aware  importance  . of research  for  economic 
and  social  development. 
In  the  new  1988-1992 National· Plan,  high priority is given  to social  and 
human  sciences,  information  technology,  biotechnology,  and development  of 
industrial  research. 
TRENDS  : 
GERD  as  a  percentage  of GOP  has  increased steadily  from  0.21  in  1981  to 
0.35  in  1985.  The  aim  is to reach  0.65  in  1992. 
COMMENTS  : 
·creek participation in the  EEC  programmes  has  increased substantially 
over  the  last years. 
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FRANCE 
GROSS  DOMESTIC  PRODUCT  CGDPJ 
exchange  ra~esl  (19851 
674.0  Uillion  ECU  Cat  current  price~ and 
GROSS  domestic  EXPENDITURE  for  R&D  CGERDI  15,587.4  Hio  ECU  (19851 
GERD/GDP  :  2.31  ~ (19951 
NATIONAL  BUDGET  162,565 Hio  ECU  (19861 
R&D  BUDGET  :  10,273.1  Hio  ECU  119861 
R&D  BUPGET/NATIONAL  BUPGET  :  6.34  ~ 119961 
PERCENTAGE  OF  GERD  financed  by  industry  :  41.4  ~ 119851 
DEFENCE  R&D  AS  A ~-OF TOTAL  GOVERNMENT  APPROPRIATIONS  :  32.5  ~  C1986l 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  4.1  119841 
RESPONSIBLE  MINISTRY  FOR  S&T  :  Under  the 
Ministry  of  Research  and  Technology 
responsible  for  S&T  policy  in France.  Space 
of Post,  Telecommunications  and  Space. 
new  Government,  there  is a 
Cministere  deleguel  who  is 
policy  is under  the Ministry 
STRUCTURE  of S&T  POLICY  :  In parallel or  in cooperation with  the  Ministry 
of Research_and Technology,  other ministerial  departments  have  also an 
important  role  in- directing  scientific and  technical activities  :  the 
·-Ministry of National  Education,  of  Industry,  of Defence,  of Economy  and 
of  PTT.  Despite some  considerable efforts  to regionalise research,  the 
French  S&T  system  is centralized. 
NATIONAL  PRIORITIES  :  The  first priority  is the  further  promotion  and 
development of  industrial research.  Priority will  also be  given  to  the 
employment  of young  researchers  in order to solve  the  problem  in  the  age 
structure  of  the  French  scientific  body,  and  to  training  th-rough 
research.  The  priorities in fields of research are  : 
Technological  Development  programmes  nuclear  energy,  space, 
aeronau~ics,  telecommunications,  electronuclear equipments. 
National  Pro9rammes  :  Biotechnology,  food  industry,  medical  research, 
human  and  social sciences,  production  technology,  electronics,  natural 
resources,  new  materials,  new  chemistry,  research for development, 
research  o~ ge~eral planning of  land-use  and  transport. 
TRENDS  :  During recent years,  there has  been  an  increase  in  R&D  financing 
as percentage  of GOP  from  2.01  ~ in  1991  to  2.31  ~ in  1985.  Research  has 
been designated  as  ~ national priority for France. 
COMMENTS  :  In order to  encourage  the private  enterprises to  start their 
own  research,  the  government  has given  seve~al  incentives  cdirect and 
indirect  aidsl  for  the  creation  of  research  infrastructure  within 
enterprises and hiring of  researchers- by  industry. 
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GROSS  DOMESTIC  PRODUCT  (GDPJ 
exchange  ratesl  (19051 
216.2  llillion  F.CU  !at current prices and 
GROSS  domestic  EXPENDITURE  for  R&D  !GERDl  1.144.4  Hio  ECU  (1985l 
GERD/GDP  :  0.53  ~ (1985) 
NATIONAL  BUDGET  49.848  Hio  ECU  (1986l 
R&D  BUDGET  :  801.7 Hio  ECU  (1906l 
R&D  BUDGET/NATIONAL  BUQGET:  1.46  ~ (1986) 
PERCENTAGE  OF  GERD  financed  by  industry  :  49.1  ~ (1983l 
DEFENCE  R&D  AS  A ;  OF  TOTAL  GOVERNMENT  APPROPRIATIONS  :  4.8  ~ l1986l 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  1.0  (1983) 
RESPONSIBLE  MINISTRY  FOR  S&T  :  The  interministerial Committee  for Science 
and  Technology  composed  of representatives  from  9  ministries  involved  in 
research.  is the official organism  for  the  planning.  coordination and 
follow up of national  S&T  policy. 
STRUCTURE  of  S&T  POLICY  :  The  National  Plan defines  the  framework  for  the 
S&T  activities of  the nine ministries  involved  in research.  whose  work  is 
coordinated by  the  interministerial  committee.  The  Spanish Autonomies  are 
quite  independent  in deciding  and  implementing  their  o~n  S&T  policy. 
Efforts have  been made  to coordinate  those  efforts at national  level. 
NATIONAL  PRIORITIES  :  Priority sectors are 
Information and production technologies. 
National  resources and agro·industrial  technology.· 
Quality of life. 
The  priorities  set  by  the  national  Plan  are.  among  others.  the 
following  : 
improvement of knowledge  and progress  in  innovation  and  technological 
development; 
conservation.  upgrading  and optimal  exploitation of natural  resources; 
development  and  strengthening of the  competitive capacit;y_··of  industry. 
trade.  agriculture and fisheries; 
strengthening of national defence; 
adaptation  of  Spanish  society  to  the  changes  brought  about  by 
scientific-development and  the  ne~ objectives; 
improvement  in quality of education; 
encouragement  of  creativity.  the  development  and dissemination of 
culture  in all  forms;  · 
improvement  of health.  social ·security and  the quality of life. 
TRENDS  :  In Spain  GERD  as a  percentage of GOP  has  increased  from  0.4  in 
1981  to  0.53  in  1985.  The  Spanish Government  is determined  to· increase; 
even  further  the national  R & D  efforts to  levels comparable  ~ith the-
other advanced  European countries. 
COMMENTS  :  In  1987.  GERD  is estimated  to  be 0.75 X of  GOP. 
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IREl.AND 
GROSS  DOMESTIC  PRODUCT  <GDPl 
exchange  rates!  (1985! 
24.1  Billion ECU  Cat  current prices and 
GROSS  domestic  EXPENDITURE  for  R&D  CGEROl  192.4 Hio  ECU  <1995! 
GERO/GOP  :  0.80  ~ (1985! 
NATIONAL  BUDGET  14.411  Hio  ECI,J  ~1986) 
R&D  BUDGET  :  115.7 Hio  ECU  (1986l 
R&D  BUDGET/NATIONAL  BUDGET  :  0.90  ~ £1986) 
PERCENTAGE  OF  GERP  financed  by  industry  :  45.4  ~ <1985) 
QEFENCE  R & D AS  A ;  OF  TOTAL  GOVERNMENT  APPROPRIATIONS  0.0  ~ (1986) 
NUMBER  of  Rf:SEARCHERS  PER  1000  LABOUR  FORCE  :  2.8  (1984! 
RESpONSIBLE  MINISTRY  FOR  S&I 
Ministry  for  Science  and  Technology  operating  within  Department of 
Industry and Commerce. 
STRUCTURE  of S&T  POLICY 
In  1997  Irish S&T  was  considerably·  reorganised.  Minister  of State for 
Science  and  Iechn~logy  was  appointed  and  a  general  programme  of 
rationalisation of  S&T  agencies undertaken.  NBS!  and  IIRS  were  merged  to 
~orm EOLAS 
NATIONAL  PRIORITIES 
Strategic Research  Programme  emphasises  application· - oriented research 
and  has  identified  Biotechnology.  En~ineering. Advanced  Materials and 
Information Technology  as priorities. 
Policy aims  to concentrate national  S&T  effort on  indigenous firms.  The 
South East Region  - one  of weaker  R&D  regions  - has been declared a  pilot 
region  for  S&T  related  economic  development. 
TRENDS 
S&T  has had  small  budget  increase  in 1987  despite widespread cuts in most 
other spending  departments.  Government  expenditure on  S&T  increased  in 
real  te~s by  1.4  ~per  annum  average  from  1981-1987.  All  Irish S&T 
expenditure  is civilian  R&D •. 
S&T  expenditure  has declined  in Agriculture and  Energy  and  increased in 
S&I  for Manufacturing Sector. 
COMtiEN"lS  : 
Major  S&T  interests 
participation  and  S/T 
instruments. 
are  strengthening 
infrastructure  with 
indigenous  industry  S&I 
the  help of  EC  ~tructural 
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GUOSS  DOMESTIC  PRODUCT  CGDPJ 
exchange  rates>  (19651 
473.0 Dillion ECU  cat  current prices and 
GROSS  domestic  EXPENDITURE  for  R&D  <GERD>  6.307.3  Hio  ECU  (1985! 
GERD/GDP  :  1.33  ~  <1905> 
NATIONAL  BUDGET  275.537  Hio  ECU  (1986) 
R&D  BUDGET  :  4.408.5  Hio  ECU  (1986) 
R&D  BUDGET/NATIONAL  BUDGET  :  1.60  ~ (1986) 
PERCENTAGE  OF  GERD  financed  by  industry  :  44.6  ~ <1985) 
DEFENCE  R & D AS  A % OF  TOTAL  GOVERNMENT  APPROPRIATIONS  8.5  ~ (1986) 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  2.7  (1986) 
RESPONSIBLE  MINISTRY  FOR  S&T  :  Ministry for S&T  Research 
STRUCTURE  of  S&T  POLICY  :  The 
"Ministry  for  the  Univel'sity 
Government  funded  research. 
Ministry 
and  S&T 
for  S&T- Research  will  become 
Research".  l'esponsible  fol' all 
NATIONAL  PRIORITIES  : 
1)  Increase  in ovel'all  funding  of  Government  and  private enterprises 
since 1980. 
2!  Emphasis  and  increased  funds  for research on  new  technologies  such 
as  : 
- biotechnologies and fine  chemicals; 
information  technologies; 
new  matel'ials; 
nuclear fusion; 
telecommunications; 
optics and  lasers; 
advanced  transpol't; 
satellites and  space crafts; 
biomedical  instruments. 
3)  Decrease  in  funds  for nuclear R & D for  the production  of 
electricity. 
TRENDS  : 
The  new  Ministry  for  Univel'sity  and  S&T  research should  lead to 
streamlining the  whole  Government  'R  &  D structure  and simplify  the 
administration of .Government  reseal'ch establishments. 
Incentives  <mainly  fiscal>  for Pl'ivate  funded  R & D. 
The  ratio GERO/GDP  was  0.7~ ~in 1980;  by  i987 it was  about  1.40  ~­
Increased  European  and  international  cooperation. 
'COMMENTS  :  Italian authorities  wish  to  bring  the  l'atio of GERD/GDP  to 
same  level  of  Italy's lal'qest  European  partners  <Fl'ance  and  UK)  in  a  4  or 
· 5  yea'rs. 
nov.  1988 
75 LUXEMBOURG 
GROSS  DOMESTIC  PRODUCT  CGDPJ 
exchange  ratesl  C1985J 
4.7  Dillion ECU  Cat  current prices and 
GROSS  domestic  EXPENDITURE  for  R&D  CGERDJ  N.A. 
GERD/GDP  :  N.A. 
NATIONAL  BUPGEI  2.005 Hio ECU  C1987) 
R&D  BUQGET·:  N.A. 
R&D  BUDGET/NATIONAL  BUDGET  :  N.A . 
. ........ 
PERCENTAGE  OF  GERD  financed  by  industry  :  N.A. 
DEFENCE  R  & D  AS  A 4  OF  TOTAL  GOVERNMENT  APPROPRIATIONS  N.A. 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  N.A. 
RESPONSIBLE  KINISTRV  FOR  S&T  :  ...  •·,  -
Ministry for national  education and youth. 
STRUCTURE  of S&I  POLICY  :-, 
Interministerial Committee  for coordination of Research  and  Technological 
Development. 
NATIONAL  PRIORITIES 
Setting up · Government  structures and  public research centres to carry 
out  R & D activities  ~ith Government  funds. 
Transfer  of  results  of  research.  gathered  in  public  research 
establishments.  to  industrial  innovation. 
TRENDS  -:.·· 
A  ne~  la~  CHarch  1987)  .~ill  _initiate 'the establishment of a  certain 
number.  Cup  t<?.---~·or  7>  of  Public  Research  Centres;  t~o  centres are 
already  operational  in  f9BB. 
COMMENTS  : 
Luxembourg  does not collect at present-data on  R & D expenditure but  ~ill 
do  so  probably  in  1989.  R · & D  activities have  been  carried  out until 
·recently excl'usively  in private  industrial concet'ns.  this should  change 
~ith the  establishment of  the govet'nment-funded  public research centres 
mentioned  above. 
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PORTUGAl. 
GHOSS  UOMESTIC  PRODUCT  <GDPl  :  27.3  Billion ECU  <at  current prices and 
exchange  rates>  (1985) 
GROSS  domestic  EXPENDITURE  for  R&D  (GERDl  111.7 Hio  ECU  (19051 
GERD/GDP  :  0.41  ~  (1985) 
NATIONAL  BUDGET  :  8,801  Hio  ECU  (1986l 
R&D  BUDGET  :  91.5 Hio  ECU  (1986) 
R&D  BUDGET/NATIONAL  BUDGET:  1.04  ~ (1986) 
PERCENTAGE  OF  GERD  financed  by  industry  :  30.8  ~ (1984l 
DEFENCE  R & D AS  A ~ OF  TOTAL  GOVERNMENT  APPROPRIATIONS  N.A. 
NUHBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  0.8  <1984> 
RESPONSIBLE  MINISTRY  FOR  S&T  : 
Ministry for Planning and Territorial Administration.  JNICT  is  the major 
planning,  policy  and overall  coordination body  with responsibility for 
preparation of R & 0  Budget. 
STRUCTURE  of S&T  POLICY  : 
Since  1986  and  the establishment of the Superior Council  for  Science  and 
Technology  there has been major changes and  much  new  investment  in S&T. 
NATIONAL  PRIORITIES  : 
Priorities of  the  Government  programme  <April  1987)  for R & D are applied 
research related to users,  strengthening basic  research  in universities, 
promoting  mobility  in  science,  and  developing  joint  mobilization 
programmes  between  research and  industry,  as well  as  strengthening public 
sector  S&T  infrastructural  capability.  Hajor Sectoral Research Action 
programmes  are  biotechnology,  robotics/microelectronics,  mat.erial 
sciences and,  marine  sciences. 
TRENDS  : 
R&D  expenditure  in  1986/87  doubled  1985's 
steadily  increase it to  reach  ~ of  GDP  by 
multiplied  by  4.5.  in  the last four years. 
COMMENTS  : 
allocation  with plans to 
1990.  JNICT's  budget was 
Lo~ level  of International  R&D  Participation but set to  increase steadily 
1  with  EEC  membership  and priority given  by  Government.  A major priority is 
to  strengthen  S&T  infrastructure as well  as  education and  learning of SIT 
·.  researchers. 
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TIIF.  NETIIERI.I\NU5 
GROSS  DOMESTIC  PRODUCT  IGDP1 
exchange  rates}  C\9051 
t65.3  Billirn1  ECU  !at current prices  and 
GROSS  domestic  EXPENDITURE  FOR  R&D  CGERDl  3,492.6 Hio  ECU  119051 
GERD/GDP  :  2.tt  ~in 1905 
NATIONAL  BUDGET  70,599 Hio  ECU  11986) 
R&D  BUDGET  :  1,704.9 Hio  ECU  11986) 
R&D  BUDGET/NATIONAL  BUDGET  :  2.40  ~ 11986) 
PERCENTAGE  OF  GERD  financed  by  indust~y :  50.2  ~ 11985l 
DEFENCE  R  & D AS  A 4  OF  TOTAL  GOVERNHENT  APPROPRIATIONS  2.8  ~  (1986) 
NUMBER  of  RESEARCHERS/PER  1000  LABOUR  FORCE  :  3.7  11983) 
RESPONSIBLE  MINISTRY  FOR  S&T  :  The  Ministry of Education  and  Science and 
the  Hinistry of  Economic  Affairs. 
STRUCTURE  of  S&T  POLICY  Decision  making  is  based  on  a  broadly 
structured network of advisory bodies.  S  & T  ~olicy is  prepared by  the 
Council  for  Science and  Technology  Policy  CRWTl,  chaired  by  the Prime 
Minister within which  the  Minister  of  Education  and  Science  acts as 
. coordinating  minister  for  science  policy and  the Minister· of Economic 
Affairs as coordinating minister  for  technology.  The  policy  is market-
oriented,  aiming  to  improve  competitive strength  of the  Dutch  industry 
via  the  broadening of  the  technology  base of the  industry,  improving  the 
quality,  the  use,  and  the diffusion of  technology. 
NATIONAL  PRIORITIES  The  dissemination  of  knowledge  via  innovation 
centres and  major  incentive schemes  : 
The  Innovation  Stimulation Scheme  CINSTIR>  provides  grants for  R & D 
labour costs whether  in-house or contracted R & D. 
The  Technological  Development  Credit  Scheme  CTDCl  offers_ support for 
R&D  on  new  products,  processes,  and  services on  condition that  they-
are  technologically new  and  risky. 
The  SNE  Business  Re~earch Programme  COHKl  stimulates SHEs  to  carry out 
advanced  R &  D projects.  · 
The  Innovation-Oriente~ 
Biotechnology,  Membrane 
Technology. 
Programmes  CIOPsl  include  among 
Technology,  Technical  Ceramics, 
others 
and  IC 
TRENDS  :  National  R & D expenditure  increased between  1980  and  1988  from 
2.03  4  to  2.40  4  of GOP.  The  business sector increased its contribution 
to global  R & D  expenditure  from  50.2  4  in  1985  to  55.3 X  in  1988. 
COMMENTS  :  The  "Inter-nationalisation  of  Education  and  Research"  is a 
major- issue  in  the  Dutch  S&T  policy. 
nov.  1988 
78 G.ROSS  DOMESTIC  PRODUCT  CGUPl  :  595.0 Dillion  ECU  <at  current pl'ices  and 
exchange  rates!  CIY051 
CROSS  domestic  EXPENDITURE  for  R&D  <GERDl  13,037.6 Hio  ECU  (190~1 
GERD/GDP  :  2.33  ~  C1985l 
NATIONAL  BUDGET  223,312  Hio  ECU 
R&D  BUDGET  :  6,786.8  Hio  ECU  C1986l 
R&D  BUDGET/NATIONAL  BUDGET  :  3.04  ~  (1986> 
PERCENTAGE  OF  GERD  financed  by  industry  :  46.1  ~ (1985) 
DEFENCE  R & 0  AS  A % OF  TOTAL  GOVERNMENT  APPROPRIATIONS  50.9 't  (19861 
NUMBER  of  RESEARCHERS  PER  1000  LABOUR  FORCE  :  N.A. 
RESPONSIBLE  HINISTRV  FOR  S&T  Cabinet  Office  has  overall 
responsibility  reporting  to  Prime  Hinister but ministerial departments 
have  responsibility for own  R & D. 
STRUCTURE  of  S&T  POLICY  S&T  structure  has  been  strengthened  into 
central  structure  under  Prime  Hinister,  with  the  Advisory Council  on 
Science  and  Technology  CACOST>  as  expanded  advisory  body.  The  S&T 
Assessments office  assists Departments,  Research Councils  and University 
in  R & D expenditure proposals. 
NATIONAL  PRIORITIES  :  Three main priorities have  to be  considered  at  the 
national  level  : 
1 .  maintain and  enhance quality in S&T; 
2.  increase social and  economic  return  from  S&T; 
3.  improve  management,  ensure  greater concentration and  selectivity of 
S&T  activities. 
As  regards  sectoral  research,  action  programmes 
indiv,dual ministries. 
are  developed  by 
Gover-nment  is  conducting "searching  review" of  R & D priorities across 
Government  with  emphasis  on  contribution of  Government  funded  R  &  0  to 
efficiency,  competitiveness and  innovative capacity. 
Criteria revised  in  1987  for distribution of Science Budget. 
1.  Internal  Funds- Timeliness and Pervasiveness. 
2.  External  Exploitability.  Applicability  and  Significance  for 
Education. 
3.  Financial  - Benefits and Costs/Affordability. 
TRENDS  :  Overall  level  fundll)g  for  1987-89  co11111itted  with  cuts  in defence 
research and  small  increases  for Research Council  and  University Grants 
Committee.  UK  Government  is dete~ined to  s~cure greater Industry  funding 
of  R  & D,  and  also  to  ensure  that Industry.takes more  responsibility for 
R &  D.  Emphasis  has  shifted  from  project  support  to collaborative 
research. 
COMMENTS  :  Main  concern  is to ensure value  for money  in all research  and 
development,  international as well  as national,  to which  UK  Government 
contributes. 
nov.  1988 
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<ii>  EUROPEAN  COOPERATION 
3.18.  Examples  of  collaborative  research  ventures  in  Europe 
can  be  traced  back  over  ·many  years.  CERN  (the  European 
Organisation  for  Nuclear  Research>  was  established in  1953;  ESRO 
<the  European Space Research Organisation)  and  ELDO  <the  European 
Launcher  Development  Organisation>,  which  were  later  merged  to 
the  European  Space  Agency  (ESA>  were. set  up  in  1962,  the  same 
year  as  the  signature of  the Anglo-French  Concorde  project;  1970 
saw the establishment of Airbus  Industria. 
3.19.  At  the  level  of  the  European  .Community  the  first 
collaboration  in  coal  and  steel  research  began  in  1955,  this  to 
be  followed  by  cooperation  on  nuclear research under  the  Eura~om 
Treaty  in  1958.  In  the  aftermath  of  the  doubling  of  oil  and 
energy  prices  in  1973/74  the  Community's  research  efforts  were 
extended  in  1974  into  the  non-nuclear  energy  fields,  the 
environment  and  raw  materials.-- In  1971 ·the  first  cooperation 
within  the  COST  framework  was  begun,  involving  the  Community  and 
other European countries;  COST  remains  an  important  framework  for 
cooperation on specific projects. 
3.20.  But  the  1980s  have  witnessed  a  qualitative  and 
quantitative development  in Community  activity,  characterised  by 
the  introduction  of  more  industry-oriented  "second-generation" 
R&D  programmes,  medium-term  resource  planning  for  Community 
research,  and  Community  level  actions  both  upstream  of  research 
(in  the  field  of  education  and  training>  and  downstream  support 
for innovation. 
Underpinning  this  cooperation  now  is the  political  commitment  of 
the Community,  enshrined in the Single .European Act: 
to  strengthen  the  scientific  and  technological  basis  of 
European  industry and  to  encourage it to  become  competitive 
at the international level; 
to  encourage  and  support  cooperative  efforts  between 
industry and research.centres  and universities; 
and.  to adopt a  Framework  Programme  as a  medium-term planning 
tool. 
By  laying do.wn  the objectives  ,  priorities and  expected  financial 
requirements  for the  Community's  activities  in  the  fields  of  RTD 
apd  breaking. it  into  lines  of  action  I  the  Framework  Programme 
forms  a  guide  for  specific  programme  decisions.  Another  of  its 
aims  is to familiarise scientific institutions and  companies  with 
the research opportunities offered by the Community  in the medium 
term. 
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3.21.  The  main  elements  in  the  programme  for  1987-1991  are 
given  in  the  following  table,  which  illustrates  the  emphasis 
given  to  information  technologies,  telecommunications,  the 
modernisation of Cqmmunity industry,  biotechnology,  marine. 
Science  &  Technology,  alongside  the  long-standing  collaboration 
in nuclear fusion and  fission and  the environment. 
3.22.  The  largest  single  programme  is  now  ESPRIT,  which  was 
launched  in  1984  with  the  aims  of  providing  the  European 
information  technology industry over the subsequent  10  years with 
the  basic  technologies  required  to  meet  the  competition  of  the 
1990s;  encouraging  industrial  and  university  cooperation  in 
information  technology,  and  contributing  to  the  development  of 
internationally accepted standards.  For its first five years  the 
ESPRIT  programme  had. a  total  budget  of  1500  MECU,  half  of  it 
funded  by  the  Community,  and  half  by  the  research  partners 
themselves.  In its second phase  ESPRIT  has  a  budget of 
3.200  MECU,  again  shared  equally  between  the  Community  and  the_ 
research partners.  The  first phase of  the programme  concentrated 
on  pre-competitive  research  in  micro-electronics,  information 
processing systems,  and application technologies  such as  computer 
aided  manufacturing  systems~  The  new  phase  includes,  alongside 
the application-orientation,  some  emphasis  on more  basic research 
targetted on  issues  such as artificial intelligence. 
3.23.  The  second  largest  group  of  industry-oriented  activities 
aims at the modernisation of  European  industry through  the use of 
advanced  technology  and  the  development  of  new  materials.  Here 
the  ..  BRITE  programme  is  the  largest  single  element.  BRITE  was 
launched  iri  1985  as  a  four-year  programme  funded  jointly by  the 
·community  <  185  MECU>  and  research  partners  in  universities  or 
industry.  Building  on  its  experience  with  the  BRITE  programme 
and  the  related  EURAM  programme  on  advanced  materials  <under 
which  together  some  300  projects  are  being  financed>  the 
Commission  has  recently  submitted  proposals  for  a  new  combined 
programme  for  1989-92,  which  is  designed  to  attract  SMEs  in 
particular ·and  which,  it is  estimated,  could  generate  projects 
costing  1.  000  million  ECU.  ·  Most  of  the  Community  funding  of  440 
MECU  will be on applied research,  but up  to  7%  of the budget will 
be  made  available  for  more  fundamental  work  in · areas  where 
industrial progress is hindered by weakness  in basic sciences. 
3.24.  A  third  element  in the  Framework  Programme  which  has  a 
specifically  applied  industrial  orientation  is  RACE  which  is 
designed  to  ensure  that  the  different  telecommunication  systems 
and  services  now  being  developed  in  Europe  remain  consistent. 
The  specific aim of  the  RACE  programme  is to enable  the  Community 
to . move  towards  integrated  broadband  communications  based  on 
integrated  digital  networks  in  a  system  able  to  handle  a  wide 
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FRAMEWORK I'ROGRAMME OF COMMUNITY ACriVITIES IN TilE FIELD OF 
RESEARCH AND TECHNOLOGICAL DEVEL.OI'MENT ( 19!17-91) 
Breakdown of the amount deemed necessary between the various activities cnvis;agcd 
I.  Quality oC life 
1.1.  liealth 
1.2.  Radiation protectiof! 
1.3.  Environment 
2.  Towards a large market and-an information and communications society 
2.1.  Information technologies 
2.2. Telecommunications 
2.3.  New services of common interest (including transport) 
3.  Moder-nization of industrial sectors 
3.1.  Science arid technology for manufacturing industry 
3.-2.- Science and technology of advanced materials 
· 3:3  ..  Raw materials and recycling 
3.4.  Technical standards, measurement methods and reference materials 
4.  Exploitation and optimum usc of biological resources 
4.1.  Biotechnology 
4.2.  Agro-industrial technologies 
4.3.  Competitiveness of agriculture and management of agricultural resources 
5.  Energy 
5.1.  Fission: nuclear safety 
5.2. Controlled thermonuclear fusion 
5.3.  Non-nuclear'  energies and rational usc of energy 
6.  Science and technology for dcveloprneitt 
7.  Exploitation of the sea bed and usc oC marine resources 
· 7 .I. Marine science and technology 
7 .2.  Fisheries 
!1.  Improvement of Euror1ean ~rr cooperation 
II. I.  Stimulation, enhancement and usc of human resource's 
11.2.  Usc of major installations 
K.J.  Forecasting and assessment and other back-up measures (including statistics) 
R.4.  Dissemination. and utilization of Sff research results  . 
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range  of  new  and  conventional  telecommunication  services  from 
telephones  to  videophones,  cable  TV,  data  transmission  and 
electronic  mail.  The  RTD  component  will  make  an  important 
contribution  to  the  Community's  development  strategy  for  the 
telecommunications  sector  as  a  whole,  which  will  be  of  great 
importance  to the functioning of  the internal market. 
3.25.  Other  sectors  too  now  have  a  significant applications-
oriented component.  The  Community's  biotechnology programme  <BAP 
- Biotechnology  Action  Programme) ,  notably  covers  a  number  of 
research  fields  relevant to the needs  of  industry and agriculture 
and  is  complemented  by  a  programme  of  projects  specifically  for 
the application of biotechnology to agro-industry. 
3.26.  Alongside  the  part-funding  of  contract  research  in 
these  and  other areas  of  the  Framework  Programme  and  the  work  of 
the Community's  own  Joint Research Centre  <which  is itself now  to 
have  a  more  industry-oriented vocation>  the Community is 
promoting  cooperation  and  exchanges  of  research 
scientists  among  the  Member  States  through  the  SCIENCE 
programme  (formerly called the  STIMULATION  programme) 
encouraging  student  mobility  and  cooperation  between 
higher  education  institutes  in  Europe  through  its  ERASMUS 
programme 
promoting  strong  and  long-lasting  partnerships  between 
enterprises and universities in training,  notably in respect 
of  high  technology  <COMETT> 
•  promoting  the  effective  dissemination  of  the  results 
from  its  research  activities  and  contributing  to  their 
application through  the VALUE  programme; 
working  towards  the  lowering  of  language  barriers  to 
the  circulation  of  information  through  the  EUROTRA 
programme; 
encouraging  innovation  through  the  SPRINT  programme 
which  aims  to  create  more  favourable  conditions  for 
innovation  and  technology  transfer  in  general,  as  well  as 
other  sectoral  programmes  such  as  STAR  <telecommunications> 
and  VALOREN  <energy  technologies>  which  are  specifically 
oriented  towards  the  needs  of  the  less-developed  regions  of 
Europe; 
promoting  the  application  of  new  information  and 
communication  technologies  in  order  to  develop  the 
information  services  market,  througll  the  IMPACT  programme 
and  through sectoral programmes  <AIM,  DRIVE,  DELTA>. 
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3. 27.  The  experience  of  the_  Framework  Programm~  activities 
both  under  the  current  Programme  and  under  the  first  programme 
(1984-87>  has  been  overwhelmingly positive,  demonstrating  a  real 
thirst for cross-border cooperation.  The enthusiasm generated by 
the Community  programmes  in the industrial and higher educational 
worlds · is  indisputable.  The  ESPRIT  and  BRITE  programmes,  in 
particular,  have  been  massively  oversubscribed,  with  the 
Commission  and  its  Advisory  Committees  having  to  turn  down  for 
support  a  large  number of potentially good projects.  The  same  is 
true of  programmes  such as  ERASMUS,  which  has  been oversubscribed 
by  a  factor of  at least three and  COMETT  (which  in  1987  received 
applications  for  120  MECU  compared  with  available  finance  of  16 
MECU>.  The  clear evidence  is .that  the  provision  of  a  framework 
encouraging  cooperation  and  collaboration  in  Europe  in  the 
scientific· and  technological  fields  responds  to  a  widely-felt 
need,  particularly at  a  time  when  pressures  on  national  funding 
have  been  growing. 
3. 28.  The  experience  of  the  EUREKA  initiative also  confirms 
the  growing  interest  in  European  collaboration  as  a  means  of 
improving  Europe's  technological  base and  making  the  most  of  the 
opportunities offered by the  Internal Market. 
3.29.  Since  EUREKA  was  launched  in  1985,  213  cooperative 
cross-border  projects  have  been  announced  in  the  fields  of 
information· technology,  robotics,  biotechnology,  communications 
equipment  and  other  high  technology  fields.  These  include,  most 
notably, ~the  High  Definition  Television  Project,  a  mgjor  set  of 
projects  in  the  area  of  flexib~e automated  assembly  <FAMOS>,  as 
well  as  proje-cts  in  the  transport  and  environmental  research 
field.  The  total  EUREKA  project  portfolio  has  currently  an 
estimated  value  of  some  3.8 milliard  ECU,  which  is equivalent  to 
around  1  milliard' ECU  per year  <about  half  the  level  expected  to 
be  generated  by  the  Community  programmes>;  and  already  some  BOO 
organisations  - two-thirds  of  them  industrial  - are  involved. 
While  some  of  these  collaborative·industrial projects,  which  are 
intended  to  be  more  "downstream"  than  Community  projects,  might 
well  })ave  gone  ahead  even  in the  absence oe  the  EUREKA  framework 
itseff-,  the  number  ·of  · projects  coming  forward  ·confirms  the 
growing  industrial  and  university  interest  in  collaboration  and 
cooperation.  In  the  case  of  EUREKA,  cooperation  has  the  added 
dimension  of  · facilitating  cooperation  between  companies  .and 
institutes in Community Member  States,  on  the one  hand,  and  those 
in 'the  EFTA  countries  in particular,  on  the  other  - around  half 
the  EUREKA  projects  involve participants  from  each  grouping26. 
26  More  detailed  information  on  the  trends  in  EUREKA  and 
in  the  links  between  EUREKA  and  Community  programmes 
can  be  found  in  the  Commission's  Communication 
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3.30.  EUREKA  is  an  important  complement  to  the  Community's 
own  activities  in  support  of  the  objective  of  improving  the 
mastery  of  new  technologies.  The  Commission  plays  a  full  role 
inside  EUREKA  on behalf of the Community  in an effort to maximise 
the  synergy between  the  two  groups  of  research activity.  It has 
recently outlined ways  in which  cooperation between  the  Community 
and  EUREKA  can  be  reinforced without prejudicing the operation of 
the Community's  own  R&D  programmes  themselves  27. 
(iii)  POLICY  COORDINATION 
3.31.  The  Community  programmes  (currently about  1.000 million 
ECU  a  year)  are  small  compared  with  the  R&D  budgets  of  Member 
States  (over  35.000  MECU  in  1986>;  and  the total cost of projects 
supported  through  the  programmes  is  only  equivalent  to  about  4% 
of total estimated public and private spending on civil research 
<about  50  milliard  ECU  per year).  Even if all the other  European 
collaborative actions are taken into account  - EUREKA,  COST,  ESA, 
CERN,  EMBL  etc.  - the bulk of  research continues  to  be  financed 
and  carried  out  at national  level,  a  large  share  of  it through 
the  national  budgets  discussed  earlier.  Given  the  pressures  on 
resources  and  the  risks  of  fragmentation  and  duplication  of 
· effort it has  been  recognised  by  European  governments  that better 
coordination  of  national  policies  is  now  required.  That 
recognition  is  reflected  in  Article  130H  of .the  Single  European 
Act  which  promises better coordination. 
3. 32.  There  are  a  number  of  factors  which  have  constrained 
coordination  to  date.  These  include:  the  different  R&D 
capacities  among  Member  States;  the  different  balance  between 
civil  and  military  R&D;  different patterns  of  involvement  by  the 
public  and  private  sectors;  different  traditions  -in  higher 
education;  different  sectoral  priorities  reflecting  in  part 
specific  economic  and  social  concerns  <eg.  energy  in  Italy,  the 
environment  in Germany>. 
Broad  policy  coordination  is  at  present  limited  to  the  exchange 
of  better mutual  information  about  programmes  and  policies  under 
way·and  exchanges  of  views  among  scientific  adviso~s and  experts 
in  the  Advisory  Committees  of  Community  programmes;  while 
specific  coordination  efforts  are  reflected  in  the  concerted 
actions  in  the  fields  of  medical  research  and  the  environment 
COM<88>291  final  of  24  June  1988,  and  in its report  to 
the  Parliament of  18  July 1988. 
27  COM(88>291  final. 
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and,  together with other European countries,  within.the  framework 
of  COST. 
3. 33.  The  pressures  of .the  Internal  Market  will  militate  in 
favour  of  further  policy  coordination  among·  Community  Member 
States  through  the  need  to develop  common  standards,  the  opening 
up of public procurement,  the requirements  of  competition policy. 
The  framework  for  intergovernmental  cooperation  provided  by 
EUREKA  will  also  push  in  the  same  direction:  intergovernmental 
-coordinating  committees  already  exist  for  some  of  the  larger 
projects  and  aim  to , provide  a  framework  for  dealing  with  the 
problems  of  concerted  Government  actions  which  will  be  a 
necessary  corollary  to  research  cooperation.  But  the  degree  of 
coordination  is  likely  to  remain ·patchy  unless  the  commitment 
reflected  in  Article  130H  of  the  Single  European  Act  is 
vigorously pursued. 
The  Commission attaches particular ~portance to the ongoing work 
within  CREST  designed  to  facilitate  an  in-depth  exchange  of 
information  on  national  policies  and  thus  to  help  identify 
duplications and overlaps.  As  noted earlier, it intends to focus 
particular attention  on  this question  in  forthcoming  reports  on 
the state of science and technology in  Europe~ 
86 A great deal has already been done,  both at a  national 
and a  transnationa1 1eve1,  to tack1e Europe's  prob1ems. 
The success of the Community's  RTD  programmes,  the 
rapid deve1opment of  EUREKA,  other bi1atera1 and mu1ti-
latera1 ventures inside Europe,  have demonstrated that 
there is a  thirst for cooperation across national 
frontiers and that it can be mounted successfu11y,  des-
pite the barriers of cultural and linguistic 
differences. 
But policy coordination among the Kember States of the 
Community is still weak and particular efforts are 
needed to reduce the potential for duplication and overlap 
in national efforts.  Dual-use technologies pose 
particu1ar problems in this respect. 
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RESEARCH  ISSUES  FOR  THE  FUTURE 
Three main  challenges  face  the Community: 
to  improve  its  international  competitiveness,  notably 
in the context of  the completion of  the Internal Market; 
to  respond  to  the  needs  of  society  by  improving  the 
quality of life;  and 
to  increase its capacity to  pursue  its  own  scientific 
and  technological  options  where  necessary,  by  reducing  its 
dependence  on others. 
These  three  goals  are  interlinked.  By  improving  competitiveness 
the  Community  will  create  the  wealth· which  makes  it easier  to 
tackle  issues  of  social  concern.  Technological  independence,  on 
.the  other  hand,  is  linked  to  longer-term  competitiveness,  with 
fundamental  research offering opportunities  to increase the scope 
for determining,  rather than  simply responding  to economic  change 
in an international context  . 
.  4.2.  The  organisation  of  ~his  chapter  reflects  these  three 
·.  concerns  by  dealing,  firstly,  with  the. research  requirements  to 
improve  competitiveness;  secondly,  with  the  areas  where  research 
has  a  particularly  important  contribution  to  make  in  meeting 
Europe's  social  needs;  and  thirdly,  with  the  scientific  and 
technological  base  of  fundamental  research,  which  provides  the 
essential underpinning  and  the  seedcorn for the  longer-term. 
There  are,  inevitably,  overlaps  between  and  among  these 
categories.  The  most  obvious  is  in  the  case  of  the  biological 
sciences  which  will  make  significant  economic  and  social 
contributions  (through  their  impact  on  industry and  agriculture, 
on  the  one  hand,  and  in the  fields  of health  and  environment,  on 
the  other>,  and  where  progress  on  specific  questions  of 
fundamental  research  is essential  if major  break-throughs  are  to 
be  achieved.  The  categories  chosen,  however,  reflect  the  areas 
where  the  most  significant  contributions  can  be  expected  from 
individual areas  of  research. 
4. 3.  Under  each  heading  the  chapter  consid.ers  the  market 
situation, ,the  research  needs  and  action  underway  in  Europe  <in 
industry,  at  Member  State  level  and,  where  appropriate,  within 
the  framework. of  the  European  Community>.  ·More  details  on  each 
area  of  research  are  given  in  the  annexes,  while  t~e industrial 
and  services  markets  are  analysed  separately  in  depth  in  the 
•panorama of  EC  Industry•  which  is shortly to  pe  published  by  the 
Commiss.i,on. 
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4. 4.  This  is  a  first  analysis  of  the  main  research  needs, 
which  the  Commission  intends  to refine during  the  coming  months. 
But it already reflects a  wealth of  inputs  and  advice  from  inside 
and  outside  the  Community  institut:ions;  the  main  contributions 
have  already  been  indicated  in  the  Introduction  to  the  report. 
It  was  not  possible  in  such  a  short  report  to  be  exhaustive  . 
The  report  concentrates  on  the  areas  where  the  needs  are  most 
clear. 
I  IMPROVING  COMPETITIVENESS 
4.5.  There is a  broad consensus  internationally on  the areas 
of  technology which are expected to be  important for  industry and 
the services over the period to the end of.the century: 
Table 4.1. 
Japan 
Electronics 
Software Engineering 
New  Materials 
Biotechnology 
Biomaterials 
Emerging Technologies 
USA 
Electronics 
Automation 
Computing 
Advanced Materials 
Medical  Technology 
Thin Layer Technology 
EC 
Information 
Technology 
New  Materials 
Biotechnology 
Energy 
Sources:  The  Status  of  Emerging  Technologies:  An 
Economic/Technological  Assessment  to  the  year  2000.  US 
Department of  Commerce,  June  1987 
Trends  and  Themes  in industrial technologies,  MITI,l988 
Panorama  of  EC  Industry  1989  <forthcoming  publication 
by the  EC  Commission). 
4. 6.  As  under  fined  in  Chapter  I·, ·  the ·  new  groups  of 
technologies  are  not  independent  of  each  other.  Lasers,  for 
example,  which  are  developed  from  opto-electronics,  are  used  for 
cutting and milling metals  and plastics,  composites  and  ceramics. 
On  the  other  hand  silicon  and,  for  the  future 1  superconductors 
are  materials  on  which  improvement  in  electronic  components· 
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depend,  while  superconductors  may  modify  significantly  the  way 
energy is transported and  stored ..  Some  of  interrelationships are 
identified by the concentric circles in Table 4.2. 
Specific  research,needs  in  Europe  can,  however,  be  identified in 
five fields: 
1.  Information  Technology  and  Telecommunications, 
Europe  has  made  substantial  progress,  but  where 
developments  are occurring world-wide; 
where 
rapid 
2.  Industrial  Materials  Technologies,  which  are  vi  tal  to 
the success  of  manufacturing  industry; 
3.  Aeronautics,  where  Europe 
important competitive challenge; 
faces  a  particularly 
4.  Biological  sciences,  which  are  the  focus  of  attention 
world-wide  and  which  offer  the  prospect  of  radical 
improvements  in agricultural  and  industrial production  and 
major  commercial  opportunities,  in  addition  to their  impact 
on medicine  and  the environment; 
5.  Energy,  where  adequate  and  secure  supply at reasonable 
cost  and  in  an  environmentally  acceptable  form  is  ·an 
essential  prerequisite  to  the  functioning  of  the  European 
economy. 
1.  INFORMATION  TECHNOLOGY  AND  TELECOMMUNICATIONS  (Annex  1) 
The  Market Situation 
4. 7.  Europe's  weaknesses  in  this  area,  especially  in  the 
information  technology  industry,  attracted great  concern  at  the 
beginning  of  the  1980s.  The  European  industry was  characterised 
by  a  flagging  IT  market,  low  market  shares,  low  R&D  and  low 
capital.  investments.  Moreover,  the  balance  of · trade  in  IT 
products was  negative,  amounting  to a  deficit of  10.6 milliard US 
dollars in  1984. 
Concerted  action  was  taken  from  1984  onwards  by  the  European 
companies  to  rectify  the  position.  These  actions  encouraged  a 
new  dynamism  in the European  industry and  helped mobilise  human, 
financial  and  technological  resources  which  were  supported  by 
collaborative  programmes  such  as  ESPRIT.  The  fruits  of  these 
combined efforts are  just starting to appear: 
In  a  world-wide  market  growing at more  than  15%  yearly,  the 
six main. European  companies  have  been  growing at·a  25%  p.a. 
- In  the  European  market,  the  largest  European  companies  have 
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significantly  increased  their  market  share,  bringing  it 
close to 50%  from  33%-in  1983. 
In  software  and  services  market,  the  European  companies  are 
holding  a  favourable  position,  taking  advantage  of  the 
strong growth of the market demand. 
Europea·n  IT  companies  are  now  investing in  R&D  a  proportion 
of  their  sales  that is very  close  to  that  of  US  companies. 
Nevertheless  the  needs  for  R&D  in  the  IT  field  are 
accelerating. 
4. 8.  Although  the  European  Information  Processing  industry 
seems  on  the way  to overcome  some  of  its traditional weaknesses, 
major  problems still remain.  These include: 
The  penetration of  European  Information Systems  companies  on 
. overseas markets  is still minimal  (15  to  25%  of  sales). 
The  balance  of  trade  in  IT  products  has  not  improved.  On 
the  contrary .in  1986  the  trade '•deficit  increased  to  13.4 
billion US  dollars. 
The  Electronic· Components  industry  has  not  progressed  in 
Europe  at  the  same  rate,  making  the  Information· Systems 
industry  and  other  user  industries  even  more  dependent  on 
foreign  suppliers  of  _c:~itical  and  strategj,e  components 
<Table  4.3.). 
The  situation  is  similarly  critical  in  certain  types  of 
computer  peripherals  •  These  represent  an  ever-increasing 
sh~re of  the value of  Information Systems. 
A  major weakness  in  Europe is the  lack of trained personnel. 
Table 4.3. 
Electronic components  - Main Trends 
1980  - 1987 
Million  ECU  EUR-12 
1980  1985  1986 
Apparent  6,083  13,125  13,117 
Consumption 
Net  Export  +  1,246  +  104  +  498 
Earnings 
Total  Production  7,329  13,229  13,615 
Source:  Panorama of  EC  Industry 1989 
1987 
n.a. 
n.a. 
14,060 
Note:  By  comparison,  the  USA  has  a  components  market  worth 
more  than  29  milliard  ECU  in 1986,  and  Japan  23  milliard. 
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4.9.  The  relative  success  ~n  some  areas  of  European  IT 
serves  to  highlight  the  remaining  problems.  Continued  action  is 
also  required  to  consolidate  the  newly  ac9uired  competitive 
positions.  This  means: 
ensuring  the  economic  climate  and  boundary conditions  which 
allow full exploitation of  the potential demand. 
strengthening 
areas. 
European  technological  capabilities  in  key 
4.10.  In  the  telecommunications  sector  the  relatively 
favourable  situation  of  Europe,  in industrial,  technological  and 
commercial  terms  could be  threatened by: 
the  continuing  weaknesses  in  the  field  of  electronic 
components; 
new  technological  and  market  challenges  (digitalisation  of 
networks,  ISDN  and  broadband networks>; 
.. 
the spiralling costs of  R&D  in telecommunications; 
the  effects  of  rapid  changes  in  the  regulatory  environment 
world-wide. 
Substantial  efforts  are  therefore  needed  to 
reinforce  the  present  position  of  European 
telecommunications operators. 
Research needs:  Information Technology 
secure  and 
industry 
to 
and 
4.11.  Further  advances  in  the  field  of electronic components 
will  lead,  for  example,  to  an  increase of  the capacity of  memory 
chips  beyond  the  present  state  of  the  art  ( lMbit>.  Progress 
towards  the  objective  of  64  Mbit  chips  make  it  necessary  to 
design circuitry for feature sizes below the level of  0.5 micron. 
This  requires  highly  sophisticated  design  and  production 
techniques.  The  new  technological  approach,  combined  with  the 
currently  stronger  industrial  and  technological  position  of  the 
·European  semiconductor  companies,  should  provide  opportunities 
for  Europe  to  come  back  into  the  race.  A  significant  cross-
border collaborative effort in Europe is proposed under  the Joint 
European  Submicron Silicon project  (JESSI);  which  aims  to develop 
the  design·  and  manufacturing  techniques  needed  for  Europe  to 
change  its  competitive  position  vis-A-vis  the  USA  and  Japan 
This  project  will  need  appropriate  support  from  companies  and 
public authorities. 
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4.12.  At  the  same  time  progress  needs  to  be  made  in  software 
and advanced information processing,  given the growing  demand  for 
increased  capabilities  for  computing,  for  knowledge  <rather 
than data->  processing,and  for enhanced  user friendliness. 
Key  issues  in  this  context  are:  operating  systems;  management 
systems  for  data  base;  parallel  architectures  which  can  provide 
powerful  computing  capabilities  (Europe  has  very  good 
capabilities  in  this  field>;  RISC  architectures,  especially  for 
microprocessors. 
The  traditionally  good  technica~  position  of  Europe  in  the 
software  area  is  being  reinforced  by  the  advances  made  through 
some  major  cooperative  projects  developed  in  ESPRIT.  Further 
efforts  are  nevertheless  required  if  Europe  wants  to stay in  the 
race:  USA  and  Japan  (especially  through  ambitious  lpng  term 
projects such as  TRON,  SIGMA,  5th Generation ..•  )  are making  major 
ef~orts in this field. 
4.13.  Peripherals will become  increasingly.important with the 
development  towards  integrated  systems.  Research  work  on  flat 
panel  displays  and  optical . storage  technologies  is  progressing 
fast;  put  Europe's  situation  is  rather  weak  and  requires  early 
attention. 
4.14.  At  the  same  time  as  this  applied  research  effort, 
however,  the  fast-developing  IT  industry is demonstrating  a  need 
for  more  fundamental  research  in  computer  services  (to  solve 
problems  of  reliability,  safety  and  security);  in  programming 
languages  appropriate  to  the  expanding  hardware  facilities;  in 
machine-learning;  in  areas -such  as  the  design  of  autonomous 
mobile  robots,  cognitive  engineering,  and  specifically  the 
analysis  and better design of  human-computer-work  interactions. 
4.15.  Finally,  there  are  major  needs  in  the  field  of 
prenormative  research,  because  of  the  increasing  importance  of 
standards  (and  of  their  early  definition  of  standards>  in  the 
context  of  evolution  towards  the  integration  of  complex  systems 
designed · for  a  wide  range  of  new  applications  (intelligent 
banking  and  financial  services;  advanced  robotics;  multimedia 
systems;  bioinformatics;  intelligent  'car  and  transportation 
systems;  home  automation ... ). 
Research  Needs:  Telecommunication Technologies 
· 4 .16.  The  key  issues  in  telecommunications  are  essentially 
related to the establishment of  broadband  networks,  equipment  and 
services,  which are expected to happen  from  the mid-1990s  onwards 
<the  present  narrow-band  ISDN  network,  which  will  use 
technologies  already  available,  requires  basically 
standardisation work>. 
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Most  technological  deve~opments  are  therefore  generated  by 
demand  pull,  linked  to  each  major  component  of  the  broadband 
communication· systems: 
a>  broadband  infrastructures will  carry  information  flows  1000 
times  more  important than today. 
This  will  require  enhanced  systems· of  network  management  using 
the resources of  advanced  information processing and of data  base 
management  systems.  The  USA  are presently ahead in these areas. 
b >  broadband  equipment  will  develop  according  to  three 
technological  stages  allowing  each  time  considerable  gains  of 
speed,.  of  volume  transmitted  and  received  and  of  .cost 
effectiveness.  These  three stages will use: 
VLSI  electronic  components  for  switching;  coding/decoding; 
network management. 
The  design  and  use  of  these  components  require  strong 
advances  to  be  made  in  the  field  of  software.  Here  Europe 
is still behind  US  and Japan; 
optoelectronic  components  which  will  allow  better  and 
quicker interfaces with  fibreoptics  transmission; 
optical  communication  <operational  after  2000)  which 
implies:  new  materials  for  components;  new  component 
manufacturing  technologies;  new  software  tools  in  order  to 
control  and  manage  considerable  flows  of  information 
transmitted  at  very  high  speed  <coherent  multichannel 
techniques  allowing  multiplexing  of  optical  channels  on  one 
fibre  by frequency allocation>. 
c)  broadband services. 
Their implementation requires substantial activity in: 
service  engineering  techniques,  (covering  issues  of 
standardisation,  software,  expert  systems,  data  libraries, 
image  processing>,  in  order  to  establish  operational 
services  able  to  combine  data,  images  and  voice  through 
merging  of  data  processing  and  telecommunications.  The  3 
main  regions  of  the  world  seem  to  be  at  the  same  stage  in 
·this field; 
appropriate· exploitation  of  technologies  through  increased 
activity  test  beds,  language  customisation  of  hardware  and 
software,  permanent  feedback with the users of  new  services, 
in  order  to  provide  advanced/  intelligent  terminals  for 
specialised  business  use  and  for  domestic  use  <by 
combination of  PCs,  TVs,  hifi ....  ). 
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Research  Needs:  Application Technologies 
4 .17.  The  convergence  and  maturing  of  information 
technologies  1  teleconununications  and  audio-visual  services  has 
. created  conditions  favourable  to  the  intensive  exploitation  of 
the  basic  technologies,  adapting  them  to  the  specific  needs  and 
constraints of different categories of users  (the business world, 
public  administration,  social  services,  individuals) .in order·to 
meet social and economic needs. 
4.18.  The  fields  of  potential  application  are very  numerous: 
health,  transport,  agriculture,  public  administration,  education 
and  training.  And  the  spread  of  technologies  to  be  used  and 
integrated in this respect is broad:  personal computers,  optical 
discs,  microprocessor  cards,  new  medical  and  educational  imaging 
techniques,  computer  languages  clo~e to  ordinary  human  language, 
expert  systems,  mobile  telephones, ·integrated  digital  services, 
broad band networks,  high definition television, direct satellite 
transmission,  etc .•.• 
. The  problem  is . to  combine  and  integrate  as  far  as  possible  the 
broad  range  of  technologies  already  available  or  under 
development;  and  to  optimise  their  overall  performance  in 
technological,  economic  and  social· terms,  while  avoiding  the 
risks caused by th,e  present proliferation of  independent  systems 
which  are  conceived·  from  particular,  and  often  exclusively 
national  perspectives.  Avoidance  of  such  risks  requires 
cooperative  and  concerted  actions  at  a  European  level  among  all 
the actors concerned. 
4.19.  In Europe there is  a  particular need to make  use of  the 
opportunities offered by information technology to facilitate the 
flow  of  information  across  linguistic  boundaries.  This  is 
particularly  important  to  the  Conununity's  service  and 
distribution industries,  which currently represent  59%  of  GDP  and 
60\  of  employment  in Europe.  It will  be  of  increasing  relevance 
in  the  context  of  the  completion  of  the  Internal  Market.  The 
current  EUROTRA  progranune  at  Conununity  level,  which  began  in 
1982,  has  already  produced  a  sound  basis  for  the  creation  of  a 
European  language industry.  But  new efforts are needed to: 
(a)  encourage  industrial  participation  in  the  development 
work  and  knowledge  ·transfer  between  universities  and 
industry; 
(b)  exploit ·  the  results  of  ·research  on  artificial 
intelligence,  voice  and  pattern  recognition  and  expert 
systems  developed  under  progranunes  such . as  ESPRIT.  The 
transformation  of  ongoing  pre-competitive  research  into 
industrial  applications  will  lead  to  increased  outlets  and 
demand  for  normally  "monolingual"  natural  language 
processing  techno'loqy  such  as  text  processors,  hyphenation, 
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grammar  and  spelling checkers,  optical readers  and  the like, 
thus  providing  further  impetus  for  the  growth  of  the 
information technology industry. 
European Action  in  IT and  Telecommunications 
4. 20.  Assuring  the  necessary  and ·most  effective  efforts  on 
R&D  in  these  fields  will  require  further  encouragement  and 
coordination  at  European  level.  Action  is already  under  way  in 
some  areas.  The  second  phase of  ESPRIT  is now  in operation.  And 
in  the  field  of  sub-micron  technology,  as  noted  above, 
discussions  are  in  progress  between  European  manufacturers  to 
establish  an  appropriate  framework  for  research  <the  JESSI 
project>;  the Community will have  a  role to play as  catalyst. 
Within  EUREKA,  information  technology  projects  represent  a  major 
share  of  the  project  portfolio:  It  will  be  important  to 
capitalise on the successful experience of  European collaboration 
in  the  information  technology  field  and  to  ensure  the  best 
possible coordination between  projects and  programmes. 
4. 21.  As  far  as  more  basic  research  on  IT  is  concerned, 
Europe  is  in  a  different  position  from  its competitors.  In  the 
US  and  particularly Japan,  such  research is largely the preserve 
of  industry;  while  in  Europe  industry  has  been  more  short- or 
medium-term oriented.  This  is an  area where action at a  European 
level  can  be  of  immense  value  in  encouraging  the  necessary  work 
to  be  carried  out  in  a  cooperative  framework  and  in  helping  to 
commit  industrial finance  to the projects. 
2.  INDUSTRIAL  MATERIALS  AND  .TECHNOLOGIES  <Annex  2> 
The Market Situation 
4.22.  Industrial  technologies  support  the  design, 
engineering,  manufacture and operation of  products  and  processes. 
They  are  inseparable  from  the materials which  must  be  developed, 
processed and  finished  to meet  the designer's intentions. 
4. 23.  The  primary  customer  for  industrial  technologies  and 
materials  is  manufacturing  industry,  which  currently  provides 
about  30%  of  GNP  in  the  European  Community,  and  75%  of  the 
industrial  work  force  of  some  41  million  people.  The  Community 
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balance  of  external  trade  in  manufactured  goods  - +15%  in  1987-
is positive. 
Table 4.4. 
1981  ( EC  10) 
1987  CEC  12) 
EC  Trade Balance in Manufactured Goods 
Milliard  ECUs 
Imports  Exports  Balance 
171  236  +  65 
252  +  37 
Source:  EUROSTAT 
Moreover,  some  of  the  traditional  sectors· of  manufacturing  have 
invested  heavily  in  new  technology  in  the  past  few  years:  the 
textile  industry  is  the  most  telling  example,  with  great 
confidence  in  the ·  industry  that  the  move  towards  computer-
integrated  manufacturing  is  likely  to  reinforce  its  position  on 
world  markets  (the  EC  accounts  for  55%  of  world  production>. 
Despite  the  improving  position  in  many  areas,  however,  Western 
Europe  suffers  from  structural  weaknesses,  namely  an  inadequate 
capacity  to  respond  to  growing  demand  in  some  of  the  more 
developed  markets  -particularly  those  where  the  economies  of 
scale  are  largest,  such  as  transport  equipment,  machinery, 
instrument manufacturing,  paper and  printing. 
4. 24.  Successful  manufacturers·  are  seeking  increasingly  to 
capture  the  top  end  of  the  market  by  new  and  improved  products, 
usually with  a  higher technology content in the product itself or 
in  its  means  of  manufacture.  The  potential  for  increased 
productivity  and  flexibility  is  particularly  great  in  the 
"mature"  industries  (such  as  textiles,  clothing,  motor  vehicles 
and  food  as  well  as  textiles>.  Improving  the  situation depends 
heavily  on  the  further  diffusion  and  application  of  available 
technologies  by  these  industries.  It also depends,  however,  on 
advances  in  the  technologies  themselves  and  in  exploiting  the 
possibilities  that  they  offer.  Progress  in  R&D  is  therefore 
fundamental  to long-term success.  Her.e  Europe is hampered  by the 
low  level  of  industrial  R&D  compared  with  that  of  the  US  and 
Japan  (a  point underlined in Chapter II and  III>. 
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Research  Needs 
4.25. 
are: 
Particular areas  that  require  renewed  research  efforts 
o  the  development  of  technologies  to  improve  product  and 
process  quality  and  reliability.  Ensuring  quality  and 
reliability  can  typically  cost  5-25%  of  company  turnover, 
and  for  one  Member  State  has  been  estimated  to  cost  the 
equivalent  of  10%  of  GNP.  Significant  improvements  are 
possible  through  successful  R&D  on  optical  engineering, 
sensors,  power  control  engineering  and  through  the  use  of 
modelling  in areas  such  as  the  filling of  complex  injection 
moulds,  particle  formation  in  atomisers,  positioning  of 
sensors  for  monitoring,  or  the  design  of  composite 
materials; 
techniques  for  shaping,  101ninq  and  assemblv.  and  for 
surface  treatment.  The  prevention  of  corrosion,  which  is 
estimated  to  cost  4%  of  GNP  in  industrialised  countries, 
makes  progress  in  surface  treatment  potentially  of  real 
economic  significance; 
o  catalysts and  membra'nes.  Progress  in the understanding 
of  catalysis  could  lead,  in  particular,  to  cleaner 
production  through  higher  specificity;  while  the  world 
market  for  membranes  <currently  estimated  at  400MECU/year> 
. is  likely  to  grow  significantly  as  new  applications  are 
identified; 
powder  technology.  This  is  a  large  and  high-value 
market  (about  2  milliard  ECU/year  in  USA,  half  as  big  in 
Europe  and  Japan>.  While  steel,  semi-finished  powder  and 
metallurgical  components  can  be  valued  at  between  20-50 
ECU/kilo,  ceramic  powder  parts  can  cost  2.000  ECU/kilo. 
International  competition  is particularly strong,  driven  in 
part  by  the  requirements  and  spin-offs,  such  as  vacuum 
technology,  from  the space  programmes; 
other  high-value  materials,  such  as  metal  matrix 
composites  <already  being  developed  for  ceramic  -reinforced 
light alloy pistons>  and anisotropic materials using various 
strengthening  techniques  such  as  particles  or  fibre 
reinforcement; 
superconducting materials. 
In  information  and·  communication  technology  the  further 
development  of  superconducting  materials  could  lead  to 
qualitative  breakthroughs  <by  minimising  heating>,  as  well 
as  progress  in  technologies  based  on· magnetism  <eg.  fast 
switching  devices,  nuclear  magnetic  resonance  for  medical 
diagnosis,  controlled  nuclear  fusion>. ·  And  if  economic 
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devices  carrying high current densities could  be  built,  long 
distance  electricity  distribution  networks  and  magnetic 
superfast trains would  acquire a  more practical dimension. 
Some  very  fundamental  aspects  of  superconductivity,  however,  are 
not  yet  understood  and  the  prospects  for. development  of  high 
current  density  devices  are  still  uncertain.  In  Japan  around 
one-third  of  the  research  effort  is  devoted  to  work  on  these 
issues. 
In  Europe,  where  some  of  the  seminal discoveries were  first made, 
reactions  to  the  explosion  of  interest  in  the  field  was  rapid 
<the  EC  Commission  convened  the first group of  interested experts 
in  June  1987).  But  in  terms  of  resources  made  available  the 
European  response was  much  weaker  than in the  USA  and  Japan. 
In  order  to .  match  the 
resources  made  available 
European action is needed. 
financial,  technological  and 
by  competitors,  systematic 
human 
joint 
4. 26.  In  addition  to  research  on  technologies  and  mater.ials 
themselves  there  is  a  growing  need,  in  the  context  of  the  1992 
market,  to ensure that there is an  adequate  research base  for  the 
development  of  common  norms  and  standards  in  the  field  of 
industrial  technologies  and  materials,  including  notably  in 
respect  of  lasers,  membranes,  new materials  in general,  fracture 
mechanics,  construction  materials  and  production  technologies. 
This  is  in  addition  to  the  preparatory  work  on  IT  and 
telecommunications  standards  referred to earlier. 
European Action 
4. 27.  It  is  important  that  industry  itself  should  be 
encouraged  to  invest  more  in  the  R&D  that  is  required  in  the 
areas·  outlined  above.  National- authorities  clearly  have  an 
important  role  to  play  in  providing  the  right  framework 
conditions.  Community  cost--sharing  programmes  are  also  of 
significance.  The  very  high  rate  of  subscription  to  the 
Community  programmes  <on  average  there  are - 5  times  more  good 
proposals  than  can  be  funded  under  the  present  co"nditions> 
indicates that European industrialists increasingly recognise the 
need  for  R&D  and  are  ready  to  participate  and  contribute  with 
company  funds  to at least half the cost of  Community-managed  pre-
competitive  R&D  on  industrial technologies  and  materials.  A  new 
-programme  of  Community  support_ for  industrial  technologies  and 
materials  has  recently  been  proposed  to  the  Council,  which  aims 
to  provide  a  European  dimension  and  to  act  as  a  catalyst  to  the 
research  discussed  above.  As  noted  above,  a  specific  effort 
within  Europe  is needed on  superconducting materials. 
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4.28.  Providing  and  stimulating  financial  commitment  by 
industry  is  not,  however,  of  itself  sufficient  to  maximise  the 
benefits of  R&D.  Two  other things are also required,  which  would 
benefit  from  a  European dimension: 
action needs  to be taken to improve  the availability of 
skilled  research  managers  in  industry.  It could  be  useful 
to  examine  further  what  action  in  the  field  of  training 
might  be  appropriate at a  European  level,  whether  inside  or 
outside the Community  framework; 
top  management  of  industry  as  well  as  research 
managers,  must  be  more  directly  involved  in  R&D  projects, 
which  ought  to  be  closely  integrated  in  corporate 
strategies.  The  independent  panel  which  recently evaluated 
the  BRITE  programme  has  made  such  a  recommendation  in 
respect  of  projects  financed  under  the  Community's  own 
programmes.  The  positive  results  of  such  involvement  have 
already  been  witnessed  in  the  case  of  the  ESPRIT  programme 
and  in  the  preparation  of  the  Commission's  proposal  in  the 
aeronautics  field. 
3 ..  AERONAUTICS  <Annex  3> 
The  Market Situation 
4.29.  During  the  period  1980-86  the  European  aeronautics 
industry  captured  23%  of  the civil and  27%  of  the military world 
market.  The  world  market  is expected  to  expand  substantially  up 
to  the  end  of  the  century  and  increasing  competition  to  capture 
it must  be  expected,  not  only  from  the  USA  but  also  from  Japan 
and  industrialising  countries  such  as  Korea  and  Brazil.  The  US 
industry  remains  in  a  particularly favourable  position,  however, 
because  it enjoys  a  large  home  market  and  it benefits  from  the 
spin-off  from military R&D  programmes. 
The Challenge for Research 
; 4. 30.  The  aeronautical  industry  depends  heavily  on  advanced 
technology  to  ensure  competitiveness,  incorporating  progress  in 
aeronautics,  the  design  of  complex  structure  and  advanced 
materials,  electronics,  etc  as  well  as·  the  design  and 
implementation  of  new  manufacturing  methods.  The  development  of 
these technologies  requires  a  long-term strategic approach,  while 
their application necessitates  a  broad industrial base. 
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European Action 
4. 31.  If  Europe  is  to  be  able  to  meet  the  challenge  in  an 
increasingly  .competitive  environment  a  broadly-based 
transn~tional collaborative effort  in  R&D  is  now  required  <Table 
4.5.).  The  Commission  has  recently proposed  a  pilot programme at 
European  level.  This  would  provide  a  firm  foundation  for 
cooperation  between  the  European  aeronautical  industries,  and 
between  them,  universities,  national  research  centres  and  SMEs. 
It  would  also  enable  specific  urgent  research  projects  to  be 
tackled  right  away.  The  scope  of  the  programme  is  discussed 
further  in  the  annex.  The  main  technology  areas  identified  for 
the  pilot  phase  are:  aerodynamics  and  flight  mechanics, 
materials,  acoustics,  computation,  airborne  systems  and 
equipment,  propulsion  integration  and  design  and  manufacturing 
technologies  <Table  4. 5.).  Special  attention  will  be  paid  to 
safety  and  environmental  aspects'  as  well  as  common  norms  and 
standards. 
4.  LIFE  SCIENCES  AND  TECHNOLOGIES  (Annex  4> 
4.32.  Developments  in the life-sciences  open  up  possibilities 
that  straddle  the  concerns  of  economic  success  and  social  need; 
ranging  from  improvements  in  agricultural  and  industrial 
productivity  that  are  environmentally  "clean";  to  ·progress  in 
pharmaceuticals,  chemistry  and  medical  science;  to  improved 
understanding  of  the  brain,  with  implications  not  just  for 
medical  science but  for the design of  computers;  to  new  knowledge 
about  the  mechanism  of  evolution  itself.  Their  major  economic 
contribution  could  be  to  shorten  production  processes  and 
increase efficiency in  the  pharmaceuticals  industry;  to  speed  up 
the  development  of  new  strains  of  plants  Cit  took  SO  years  from 
1930-1980  to  increase  the  yield  of  corn  by  70%  through  a  long 
process  of  genetic  selection;  the  same  improvement  could  now  be 
obtained  in  a  few  years  or  less);  and  to  develop  and  produce 
products  in  new  ways  <computers  built with  biological  components 
may  be  able  to  deliver  vastly  higher  performances  than  current 
technology allows). 
For  convenience,  the  issues  for  research  discussed  below  are 
treated  predominantly  in  the  context of  Europe's  economic  needs, 
with  medical  research  alone dealt with separately  in the  context 
of  the  needs  of  European  society.  But  it should  be  remembered, 
for example,  that genome  analysis,  which is discussed  below,  will 
be  of  major  significance  in  the  context of  medical  diagnosis  and 
therapy  as  well  as  in  bio-industries  and  agriculture;  while 
certain aspects of medical  research  <medical  instrumentation>  are 
of  relevance  in  the  context of  competitiveness  and  technological 
independence. 
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The  Market  Prospects 
4. 33.  In  both  the  USA  and  Japan·  biology and  its applications 
have  been identified as  fields of major potential significance to 
industry over  the  period  to the  end  of  the  century;  and  there  is 
a  widespread  expectation  of  a  rapid  growth  world-wide  of 
application  technologies  <cf  Chapter  I>,  although  determination 
of  future  market  size  and  timing  is  particularly difficult.  A 
cooperative analysis of  11  market forecasts  to  2000  unqertaken  in 
1984  showed  a  range  of  between  9  milliard dollars  for  the  least 
optimistic  and  over  100  milliard  dollars  for  the  most 
optimistic28.  The  uncertainties  have  not  changed  in  the 
meantime,  although  there  is  a  broad  consensus  that 
pharmaceuticals,  agriculture  and.  food-processing  offer  the 
greatest market  opportunities.  One  reason  for  the difficulty is 
the  pervasive  nature  of  the  potential  application  of  biological 
research;  another is the speed of  change  in this  field,  which  has 
been made  possible by the development of  instrumentation based  on 
advanced physics,  chemistry,  informatics  and mathematics. 
Research  Needs 
4.34.  Europe  has  pioneered  many  of  the  most  important 
developments  in  the  life  sciences  1  from  the  discovery  of  the 
"double  helix"  to  monoclonal  antibodies  and  receptor-targetted 
pharmacology;  from  biological  application  of  physical 
spectroscopy  to  the  crystallographic  study  of  the  three 
dimensional  structure  of  nucleic  acids  and  proteins  including, 
quite  recently,  those  associated  with  membranes;  ·from  the 
regulation of  gene  expression  to genome  structure and  predictive 
medicine. 
In spite of its many  achievements,  however,  Europe  is 
America  in  breadth  and  depth  of  coverage  and  in  the 
expand  rapidly  in  new  fields  and  to  exploit  the 
industry. 
inferior to 
capacity  to 
results  in 
4.35.  In  several  areas  of  biology,  Europeans  have  found  it 
useful  to  complement  existing collaboration with  the  rest of  the 
world  <and  especially  with  the  USA>  by  improved  collaboration 
among  themselves.  The  European  Molecular  Biqlogy  Organisation 
and  the  European  Molecular  Biology  Laboratory,  as  well  as  the 
Basel  Institute  of  Immunology  are  particularly  significant 
examples. 
28  Hi.gh  Technology  Industries,  Profit  and  Outlook: 
Biotechnology,  US  Department of  Commerce,  International 
Trade Administration,  Washington  DC  1984. 
104 64 
4.36.  Taking 'into  account  the  ongoing  and  planned activities 
of  these organisations and  suggestions  made  by the authorities of 
some  Member  States  and  by university and  industry researchers,  4 
areas  of  research merit particular attention in  Europe: 
basic plant biology 
the  molecular  investigation  of  the  genomes  of  complex 
organisms 
neuroscience,  and 
biotechnology  based  agro-industria1  research  and 
technology development. 
Basic plant biology 
4.37.  The  new  tools  associated  with  progress  in  modern 
genetics  and  biotechnology  now  make  possible  a  diversity  of 
potential  applications  for  the  improvement  of  crop  sciences,  for 
environmentally  safe  land  use  and  disease  control  methods.  But 
it has  become  apparent world-wide that the bottleneck to progress 
lies  less· ·in  the  absence  of  adequate  application  technologies, 
and  more  in  large  gaps  in  our  basic  understanding  of  key 
structures  and  functions  within  plants.  European  biotechnology 
has  now  reached  a  stage  where  the  ability  to  manipulate  plant 
·genes,  largely established  by  pioneering  laboratories  in  several 
Member  States,  has  outstripped  the  knowledge  of  many  underlying 
biological  functions  and metabolic properties. 
4.38.  In order to make  significant advances  in biotechnology, 
it  is  therefore  essential  to  go  back  to  the  investigation  of 
plant physiology,  using all the new tools developed  for molecular 
investigation.  If  major  efforts  are  made,  it  may  be  possible 
within  5-10  years  to  identify,  for · example,  the  "quality" 
molecules  of  many  plants  those  associated  with  innocuity, 
flavour,  nutritional  value,  and  texture.  If  they  can  be 
identified,  their  synthesis  controlled,  the  "quality"  molecules 
would  make  a  real  difference  to  agricultural  production, 
providing the basis for  a  better balance between high quality and 
low  quality  crops.  At  the  same  time  it  will  be  easier  to 
establish  a  better  balance  between  "bio-natural"  and  .chemical 
prac;:tices  in  agriculture,  enablin9  increased  production  to  be 
based"on  biological  supply  of  chemical  fertilizers  and  pestides. 
:Finally,  better  understanding  of  basic  biology  would  enable 
closer  monitoring  of  the  interactions  of  crop  plants  with  other 
species,  which  would  permit  better ecological  monitoring of  land 
use. 
This  work  is  of  particular  importance  in  a  global  context.  In 
order  to  feed  a  world  population,  which  could  be  as  high  as 
10.000  million  in  50-60  years  time,  without  at  the  same  time 
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increasing  the  greenhouse  effect,  new methods  of  food  production 
will ·be  needed.  Efforts  must  be  stepped  up  now  to  provide  a 
solution  to  the  problems  that  will  face  Europe  and  the  rest  of 
the world in the  longer-term future. 
4.39.  A major effort in this field would  be at the crossroads 
between  molecular  biology,  physiology  and  genetics.  Such  a 
multidisciplinary approach  requires elaborate integration of  work 
programmes  which  could  be  achieved  at  the  desired  level  of 
excellence only through coordinated transnational action. 
Genome  Analysis· · . 
4.40.  Each  of  the  10  trillion  cells  in  the  human  body 
contains  about  100.000  individual  genes.  The  sum  total of  these 
genes  corresponds  to  what  is  known  as  the  human  genome. 
Knowledge  of  the  human  genome  is  as  necessary  to  the  continuing 
process  of  medicine  as  knowledge  of  human  anatomy  has  been  for 
the  present  state  of  medicine.  The  lllajor  diseases  which  affect 
human  beings  all  have  genetic  components;  and  many  diseases 
result  directly from  one or more defective genes ..  Understanding 
the  entire  genome  sequence  would  al"low  a  more  rapid 
identification  of  these  disorders  and  an  accurate  detection  of 
hereditary  predispositions.  In  the  field  of  agriculture  and 
industry the molecular investigation_of  important microbial  plant 
and  animal  species  is an essential  complement  to the  work  needed 
on  basic plant biology discussed above .. 
4.41.  The  necessary research work is complex.  It consists of 
several  phases,  involving  respectively the detailed and  physical 
mapping  of  genomes,  -the  developmen~ of  automated  techniques  for 
large-scale  cloning  and  sequencing,  and  finally,  the  sequencing 
itself. 
4.42.  The  importance  of  this  field  has  been  recognised 
. outside the  Community.  In  Japan  a  major effort is being  made  on 
the  automation  of  mapping  and  sequencing  techniques;  while  the 
USA  are setting aside  S3~5bn for  work  on  the  huma9  geno~e.during 
the next  10  years. 
4.43.  Europe  has  many  of  the  skills  and  resources  to  make  a 
major contribution to the international efforts on  complex  genome 
analysis.  Already  some  actions are under way at a  national  level 
<France,  UK,  Germany,  Italy>.  However,  even the largest European 
country  cannot  work  on  its  own  in  this  costly  endeavour.  The 
Community  as  such  already  has  experience  in  the  field  of  genome 
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analysis  <the  Community  BAP  programme  has  involved  some  24 
laboratories  in  the  sequencing  of  one  yeast  chromosome>.  Other 
discrete  steps  have  been  taken  using  existing  programmes  or  new 
proposals  under  the  Framework  Programme,  to  organise 
transnational  research  on  small-scale  sequencing  projects;  and 
new  efforts  will  be  made  under  the  Predictive  Medicine 
initiative.  Given  the  cost  and  complexity  of  genome  analysis, 
further work  in Europe  requires  transnational effort. 
Neurosciences 
4.44.  The  past  few  decades  have  seen ·an  explosion  in 
knowledge  of  the  nervous  system.  In  the  past  many  disciplines 
such  as  medical  science,  physics,  chemistry,  and  molecular 
biology  studied  the  nervous  system  in isolation  from  each  other. 
But  neuroscience  today  is  an  alliance  of  disciplines  applied  to 
this most  complex branch of  the life sciences.  · 
4.45.  Even  with  the  considerable  amount  of  information 
already  accumulated  on  what  the  brain is made  of,  what  it looks 
like and  how its elements  behave,  the really big questions  about, 
for  example,  how  man  remembers,  feels  and  carries  out  voluntary 
movements,  remain  unanswered. 
4.46.  The  applications  of  knowledge  in  this  field  go  beyond 
pharmacology,  psychology,  psychiatry  and  medicine.  The 
neurosciences  are  increasingly  interesting  also  in  terms  of 
information  theory  and  technology.  The  brain has  capacities  for 
information  storage  and  processing,  including  plasticity, 
.adaptivity,  learning  and  creative  association  which  cannot  be 
matched  by  the  best  computers  available  at  present. 
Mathematicians,  physicists  and  biologists  hope  to build  computer 
models  that  go  much  further  than  today  in mimicking  some  of  the 
skills of  real brains. 
4.47.  To  that  end,  and  to ensure  a  timely and  original  first 
European  contribution  to  this  rapidly  developing  field,  the 
Commission  launched the  BRAIN  initiative on  adaptive intelligence 
and  neuro  computing. 
This  latter initiative needs  to  be  follo-w·ed  by other action at a 
European  level to pool  resources  and  complementary skills. 
Industrial and agro-industrial applications 
4.48.  The  European  pharmaceutical  industry has  enjoyed  rapid 
growth  in the 1980s,  with production almost doubling between  1980 
and  1987  and  imports  low.  But it now  faces  a  number  of  problems. 
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These  include  the  high  cost  (around  100  million  ECU>  of 
developing  and  bringing  to  the  market  a  new  product  or  chemical 
entity  (NCE>;  the  short  period ·of  exclusiveness  granted  under 
existing  patent  protection  legislation  <it  takes  usually over  10 
years  from  the  time  of  patent  application  until  a  marketing 
authorisation  is  obtained>  ;  and  increasing  competition  from  the 
US  and  Japanese  industries..  European  research  is  still  highly 
effective  but  the  results  achieved  in  Japan  in  particular  ( 19 
NCEs  out  of  56  introduced'in  1987>  demonstrate  that a  redoubling 
of effort is required and  more  investment is essentiaL 
4.49.  There  is  also  a  need  for  further  efforts  in  the  agro-
industrial field,  where  the Commission has  already made  proposals 
for  action at Community  level.  These  are described  more  fully  in 
the annex. 
The  funds  estimated necessary for the programme  proposed  on agro-
industrial  research  <ECLAIR>  are  limited  <80  MECU  for  5  years>. 
They  allow  a  reasonable  start,  but  - if  successful  - they  are 
likely to need  expansion  in the  coming years  to meet  the expected 
needs.  Industry  has  suggested,  ·moreover,  that  the  currently 
proposed  programme  on  improved  food  technology  <FLAIR  - 25  MECU 
over  5  years)  should  be  complemented  by  an  action  at  European 
level  to  stimulate  research  on  nutrition.  A  new  look  at 
nutrition  is  desirable  given  the  importance  of  the  nutritional 
aspects  of  health  and  the  possibilities  offered  by  new 
technologies  for·  food  production.  This  "new  nutrition"  is  being 
pursued  in  the  USA  and  Japan  in  particular.  In  Europe  the 
implications  for  trans  frontier  trade  in  food  products,  for  the 
CAP,  and  the  need  for  common  standards  would  need  to  be 
considered. 
5.  ENERGY  <Annexes  5+6) 
The Market  Requirements 
4.50.  An  adequate  supply  of- energy at reasonable  cost in  the 
right  place  at  the  right  time  is  fundamental  to  the  proper 
functioning  of  industry,  commerce  and  transport  and  to  the 
satisfaction ·of  human  needs  for _heating,  cooking  and  trav&l. 
Technologies  that supply energy,  as well as  those that ensure its 
most  efficient  use  are  truly  "enabling"  technologies,  without 
which our economies  and  societies would  rapidly break down. 
4.51.  The  future  energy needs  of  the  European  Community  up  to 
the  end  of  the century and  alternative ways  to  satisfy them  have 
been  extensively analysed  by  the  services of  the  Commission  with 
the. help ·of  national  experts  and  the  modelling  tools  developed 
undE(~.J.-~he  Community's  non-nuclear  energy  R&D  programme.  The 
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range  of  scenarios  they  present  are  a  good  starting  point  to 
identify research needs. 
Table 4.6. 
Scenarios for Community energy needs in 2000 a.d. 
Primary energy demand 
Solid Fuels 
Oil 
Gas 
·Nuclear 
Hydro,  Geothermal,  Solar,  etc. 
·Source:  Energy  2000,  CEC  1986. 
Mtoe 
2000 a.d. 
1036  - 1218 
229  - 309 
430  - 539 
196  - 256 
150  - 235 
21  - 22 
EUR-10 
1985 
942 
218 
413 
182 
116 
12 
The  range of  figures  reflects uncertainties about  future  economic 
growth,  the  future  price  of  oil,  emission  controls,  the  size  of 
nuclear power  programmes  in individual Member  States and  progress 
in development  and  use of  new and  renewable energies. 
All  the  scenarios  point  to  a  growing  demand  for  electricity, 
which  could  rise  to  as  much  as  20%  of  the  energy  used  by  the 
final  consumer  in  2000,  compared  with  around  15%  today.  Beyond 
2000  too  the  demand  for  electricity  is  expected  to  grow  more 
quickly than other fuels. 
4.52.  The  broad conclusions  from this analysis  - supported by 
national  studies  and  those  of  majbr  energy  companies,  and 
reflected  in  the  Community's  agreed  energy  objectives  to  1995-
are in favour of diversification of  European  supply and  increased 
efficiency of  energy  use  as  means  to  ensure  energy  and  economic 
security. · 
The  close  relationship  between  energy production  and  use  and  the 
environment  add. a  further  and  compelling  argument  in  favour  of 
diversification.  In order to minimise the negative environmental 
effects  of  each  energy  source it is  important  to  have  access  to 
several solutions.  • 
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Research Needs 
4.53.  Many  of  the  technologies  are  available  now;  some  will 
only  be  available  in  the  longer-term  as  a  result  of  major 
research  efforts.  Those  efforts,  which  in  some  cases  will  not 
bear  fruits  for  10-20  years  or even  longer,  must  not be  weakened 
or  abandoned  simply  because  the  price  of  oil  in  the  short-term 
has  dropped  to less than half its value in the early 1980s.· 
In  the  past  few  years  there  has  been  some  reduction  in  of 
expenditure  on  energy as  a  whole  inside and  outside  Europe.  This 
applies  particularly  ·to  research  on  new  and  renewable  energies 
and  on  fast  breeder  reactors  as  well  as  fossil-fuel  based 
technologies.  Expenditure  on  nuclear  fission  research  continues 
to be  the largest element  in public expenditure on  R&D  as  a  whole 
<Table  4.7.>. 
4.54.  The  reduction  in  support  for  energy  R&D  reflects 
progress  accomplished  since major  programmes  were  launched  in the 
aftermath  of  the  1973-74  "oil  crisis";  problems  encountered  in 
bringing  some  projects  to  successful  technological  or  commercial 
development;  and shifts of priority in publicly-financed research 
away  from  energy  and  towards  information  and  industrial 
technologies.  There  remain  areas  where  a  significant  level  of 
effort  needs  to  be  maintained  because  of  their  longer-term 
potential  for  providing  environmentally  benign  and  independent 
sources of  energy supply and  use  in Europe.  This is particularly 
the  case of controlled nuclear fusion and  for carefully targetted 
actions  in the  field  of  non-nuclear energies.  As  far  as  nuclear 
fission  energy  i.s  concerned  the  main  needs  lie more  in  the  field 
of  public  acceptability  rather  than  in  production  technology 
itself.  The  issue  of  acceptability  and  safety  is  discussed 
separately in part  2  of this chapter. 
Controlled nuclear fusion 
4. 55.  Nuclear  fusion  should  provide  ultimately  an 
environmentally  acceptable,  practically  inexhaustible, 
geographically  independent  source  of  energy.  The  economic 
aspects  are  impossible  to define  precisely at the  present  stage, 
but  will  need  to  be  periodically  monitored  as  the  fusion  and 
long-term  energy  scenarios  become  better  known.  The 
environmental  aspects  will  also  deserve  continuous  study  as 
fusion  programmes  approach  the technological  stage.  . 
4.56.  Fusion  research  is  already  a  major  European 
collaborative  venture  under  Community  auspices.  This  long-term 
project,  embracing all the work  carried out in  t~e Member  States, 
is  designed · to  lead  in  due  course  to  the  joint  construction  of 
prototype reactors with  a  view to their industrial production and 
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marketing.  Two  third  countries  (Sweden  and  Switzerland)  have 
joined  the  programme.  A  multi-annual  programme  for  the  period 
(1.1.1988-31.3.1992>  has  recently been  approved.  A  new  Programme 
Decision  should  be  taken  in  January  1991,  which  will  need  to  be 
prepared  by in depth  analysis  not  only of  the  outlook  for  fusion 
itself,  but  of  the  role  it  could  play  in  the  energy  and 
environmental  scenarios  for  the next  century,  both  within  the  EC 
and  world-wide.  In  particular,  the  global  climate  change  study 
(discussed  later>  should  indicate the acceptable limits to fossil 
fuel  combustion.  Analysis  will  also  be  needed  of  the  prospects 
for  nuclear  fission  waste  disposal.  Both  results  will  help  to 
define the  long-term role to be played by  fusion. 
4. 57.  Scientific  wisdom,  technological  skill  and  managerial 
efficiency  have  made  of  the  EC  fusion  programme  a  recognised 
success.  Scientific  and  technical  achievements  place  Europe  in 
the  forefront of world-wide magnetic  fusion  research: 
JET,  the  flagship  of  the  Community  fusion  programme,  is  the 
world's  largest  experiment,  which  has  made  a  large  step 
towards  the  demonstration  of  the  scientific  feasibility  of 
fusion; 
the  European  medium-size  devices  in ·operation  contribute 
also  to  the  progress  of  fusion,  and  the  construction  and 
commissioning  of  new  devices  are  proceeding  according  to 
schedule; 
European  industry  is  building  all  these  devices  and·  has 
already  been  entrusted  with  some  long-term  advanced 
development. 
This  leading  position  of  the  Community  fusion  programme  makes 
Europe  an  appealing  partner  for  international collaboration both 
in  bilateral  frameworks  <Canada,  Japan,  USA>.  and  within 
multinational  organisations  <OECD,  IAEA>.  In  particular,  under 
IAEA  auspices,  an  agreement  on  participation.  by  EURATOM-
together  with  the  USA,  the  USSR  and  Japan  - in  the  conceptual 
design activities for an  International Thermonuclear  Experimental 
Reactor  <ITER>  has  recently been  signed. 
4.58.  The  EC  decision  to  concentrate on  magnetic  rather than 
inertial  confinement  has: so  far  proved  judicious:.  on  a  world-
wide  basis,  the  inertial  approach  should,  however,  not  be 
neglected  (Table  4.8.).  Two-thirds  of  efforts,  in  the  USA  for 
example,  are  devoted  to  magnetic  confinement  and  one-third  to 
inertial confinement  <which  has  a  direct connection  ~ith military 
technology> • 
Suggestions  to develop  the  inertial confinement  approach,  either 
by  lasers  or  by  heavy  particles,  have  been  made  in  Italy. 
Development  of  this  approach  would  be  at  least  as  expensive  as 
the present magnetic  confinement  programme. 
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C»  . Table  4.8.  continued 
VARIOUS  APPROACHES  TO  CONTROLLED  FUSION  RESEARCH 
APPROACH  CONFIGURATION  LINE 
---------------~----------------------------~-------------------------
MAGNETIC 
CONFINEMENT 
INERTIAL 
CONFINEMENT 
OTHER 
APPROACHES 
TOROIDAL  TOKMtAK 
~-------------------------
ALTERNATIVE  LINES: 
i)  Stellara::or 
•  ii)  Reversed  Field Pinch 
iii) Others 
-------------------------------------------------------
OPEN  MIRROR 
OTHERS 
LASERS 
~---------------~~-------------------------------------
LIGHT  ION  BEAMS 
~-------~----------------------------------------------
HEAVY  ION  BEAMS 
Muon-catalyzed  fusion  and  fusion  with  exotic  fuels, 
are  sometimes  also considered  as  a  remote  possibility. 
.  At·· present,  the  Community  funding  for  fusion  R&D  amounts  to  about 
200  MioECU  per year,  corresponding  to  an overall yearly  expenditure of 
about  450  MioECU.  An  increase  of the  order of  100  MioECU/year  will  be 
necessary  during  the  detailed  design  of  the  Next  Step  (1992-1994).  A 
~urther  increase  will  be  required  during  the  construction  phase;  its 
amounts will depend  upon  the  frame  in which  the  construction will  take 
place  • 
•  Europe  is  concentrating  on  magnetic  fusion  (only  2%  expenditure 
devoted  to  inertial  fusion,  because  of  military  implications),  and 
within that approach:  80%  expenditure are  devoted  to  tokamaks  and  20% 
to alternative lines  (no  research  on  open  configuratiorii). 
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For· comparison:  the  US  fusion  programme  follows  both  the  magnetic 
confinement  approach  (two  thirds  of  expenditure)  and  the  inertial 
confinement  approach  (one  third).  Within  the  magnetic  approach,  open 
configurations  have  recently  been abandoned  (a  large mirror device  has 
been  moth-balled)  and  US  magnetic  research  is  - like  in  Europe  -
putting emphasis  on  tokamaks. 71 
Non-nuclear energies  and  energy-saving technologies 
4.59.  Progress  on  non-nuclear  energies  has  significantly 
evolved  since  research  activities  throughout  the  Community  were 
stepped  up  from  the early 1970s.  The  three  successive  Community 
programmes  on  energy  R&D,  together  with  the  Community's 
demonstration  programmes,  have  made  an  important  contribution  to 
this development  in  Europe  and  throughout  the world. 
The  present  state  of  research  can  be  considered  under  four  main 
headings: 
<i>  renewables 
Solar  power  plants  using  photovoltaic  cells  have  good  long-term 
prospects  provided  the  costs  for  the  cells  and  the  associated 
array  structures  can  be  reduced  to  about  1  ECU/Watt.  Another 
important  area  is  the development  of  passive  solar  technology  to 
reduce  conventional  energy  requirements  for  heating  and  cooling 
in buildings. 
Wind  energy  research  aimed  essentially  at  cost  reductions  and 
reliability  of  larger  wind  generators.  Long-term  contributions 
of  up  to  10%  of  total  electricity  demand  in  some  regions  are 
conceivable. 
B~omass  research  aimed  also  at 
collection  and  conversion  of 
gasification and  liquefaction. 
reducing  overall·  costs  of 
biomass  through  pyrolysis, 
Geothermal  R&D  focussed  on  "Hot  dry  rock"  technology  development 
could  provide  heat  and  power  almost  anywhere  in. Europe  where  the 
geological conditions are  favourable  once  economic  feasibility is 
achieved. 
<ii>  Rational energy use 
Development  work  is  concentrating  on  heat  pumps,  advanced 
batteries  and  fuel  cells.  Heat  pumps  have  the  potential  to 
reduce  energy  use  in  domestic  and  industrial  heating  by  30-50%. 
Advanced  solid  batteries  are  being  developed  for  electrical 
vehicles.  Fuel cells are being given particular attention in the 
field of  energy production and  3torage. 
Energy  savings  research  in  industry  is  focussing 
development  and  unit  operations.  In  combustion 
stationary applications  and  in  transport  the  main 
in the  twin concerns  of  energy saving and  pollution 
on  component 
research  for 
interest  lies 
abatement. 
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<iii>  Fossil  fuels 
One  important  field  is  the  use  and  conversion  of  solid  fuels, 
i.e.  coal,  peat,  lignite,  including  the  possible  reduction  of 
environmental  pollution  involved  in  the  coal  conversion · 
processes.  Research  on  liquefaction,  combined  cy9le electricity 
generation  with  fluidised  beds  and  coal  gasification  is  being 
carried  out  in  some  of  the Member  States  and  at Community  level. 
The  use of coal/liquid mixtures  is also being researched. 
The  bulk of  hydrocarbons  research is being carried out by the oil 
and  gas  companies  themselves  .  At  Community  level  the  focus  of 
activity  is  to  increase  the  economic  exploitable  reserves 
accessible to the European oil industry.  Drilling techniques  are 
progressing  as.  far  as  speed  and  reliability  are  concerned, 
especially in the  deep  and  off  shore drilling sectors.  The  same 
holds  for production techniques  including assisted recovery. 
<iv>  Energy Modelling 
A  fourth  important  research  area  embraces  the  analytical  tools 
essential  to  understanding  energy  systems  and  their  interface 
with  the  economy  and  the environment.  · This  is an  area where  the 
value  of  coordinated  activities  among  different  research 
institutes  and  universities  in  a  Community  framework  has  already 
proved its worth  <cf.  Energy  2000  study cited earlier>. 
Future Options 
4. 60.  Some  of  the  technology  options  which  were  pursued  in 
the  aftermath  of  the  first  "oil  crisis"  have  now  come  to  an  end• 
from  the  point  of  view  of  research,  because  they  have  reached 
their  goals  and  led  to  practical  exploitation  <one  example  is 
passive  solar  water  heating  which  is  now  relatively  widely 
developed in Europe,  notably in Southern  Europe>. 
Others  have 
technological 
reasons,  they 
One  example of 
come  to  an  end  either  because  of  specific 
problems  encountered  or  because,  for  economic 
do  not  offer  the  prospect  of  broad  application. 
the  former  is solar tower  power  st:a.tio.hs.  · 
On  the other hand,  new  perspectives  have  emerged  in  the  light of 
the  trends  described  earlier.  These  are  analysed  more  fully  in 
the  Annex  on  non-nuclear  energies  and  summarised  in  table  4. 9. 
The  new  targets  are  reflected  at  Community  level  in  the 
Commission's  recent proposal  <the  JOULE  programme>. 
11 7 Table  4.9. 
Priorities for  non-nuclear  encr~y  R&D 
Rat tonal  Energy ·Use  (RuE) 
ener'gy  saving  in  buildings  (energy  management  and  control,  heat 
pumps,  solar energy  applications) 
combustion  technology  (computer  simulation  of  combustion. 
experimental  v~rification with  advanced  non-intrusive diagnostics) 
industrial  processes  (heat  recovery  including  development  of  heat 
e~changers and  heat  pumps,  unit operations,  energy  and  process  system 
models) 
fuel  cells  (solide  oxide,  molten  carbonate)  hi~h Tc  superconductors, 
energy  storage. 
Renewables 
wind  energy  (large-scale  wind  installations,  wind  measurements  and 
modelling) 
photovoltaic  solar  energy  (crystalline  and  amorphous  silicon 
technology) 
hydraulic  energy  (small  hydro,  study  of  potential  of  tidal  and  wave 
energy) 
biomass  (production  and  storage  of  energy  crops,  biological  and 
thermal  conversion,  pilot projects) 
geothermal  energy  (hot  dry  rocks.  brine  handling  and  corrosion  and 
scaling of  resources,  study  of  deep  geology) 
Energy  derived  from  fossil sources 
oil exploration and  recovery  techniques 
conversion of  gas  into  liquid fuels 
combined  cycle  electricity  generation  with  fluidised  beds  and  coal 
gasification 
coal liquefaction  and  in situ coal  gasificat~on 
new  solid fuel  burners 
Magneto-hydrodynamics 
Modelling  energy  and  environment 
energy  resources,  energy  supply and  demand  systems 
energy/environment  interactions 
assessing  impact  of  the  Single  European market  on  energy/economy 
11 8 73 
II  IMPROVING  THE  QUALITY  OF  LIFE  FOR  EUROPE'S  CITIZENS 
4.61.  European  science  and  technology  have  a  major. 
contribution to make  in three main  areas: 
in producing  a  better environment 
in improving health;  and 
in enhancing safety. 
In  addition  there  are  important  social  responsibilities  which 
must  be addressed in the field of bioethics,  which  are  considered 
separately below. 
1.  THE  ENVIRONMENT  (Annex  7) 
4.62.  There  is  increasing  public  awareness  about  the 
threat  to  the  environment.  Political  leaders  have  responded  to 
·such  concern  and  have  proposed  specific  national,  regional  and· 
i~ternational actions.  The  relevance  of  the  European  dimension 
has  been  formally  recognised  by  the  Single  European  Act,  which 
identifies  the  protection  and  the  improvement  of  the  environment 
as  a  main objective of  Community action. 
4. 63.  Environmental  problems  are  complex,  in  continuous 
evolution  and  incompletely  known.  Research  provides  therefore  a 
vital basis  on  which  policy responses  can  be  evolved. 
Though  many  problems  are  common  to  industrialised countries,  and 
others are  "global"  in the literal sense of  the word  <namely  they 
concern  the  whole  globe  and  require  world-wide  collaboration>, 
many  problems  are  of  a  regional  nature.  Moreover·;  the  European 
Community  has  regulatory  responsibilities  which  must  rest  on. 
sound  scientific  knowledge  and  reliable  technical  know-how. 
Joint  research at Community  level  is therefore  needed  to  provide 
this knowledge  and  know-how efficiently and  economically  <through 
complementarity  and  task  sharing>,  and  also  to  provide  it in  a 
form acceptable to all concerned. 
Research  Needs 
4.64.  An  overview of  the main  issues  for  research is given  in 
Annex  7.  The  research  problems  to  which  need  or  would  greatly 
benefit  from  research  at  a  transnational  level  in  Europe  are 
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summarised  in Table  4.10.  They  form  three interdependent sets: 
understanding the basic phenomena 
detection  and  interpretation  of  environmental 
changes 
prevention. 
Understanding the basic phenomena 
4. 65.  Since  the  environment  results  from  the  complex 
interaction  of  many  complex  sub-systems,  these  must  each  be 
analysed  (the  stratosphere,  the  atmosphere,  soil,  inland  water, 
the  sea>,  and  their  mutual  interaction  studied  by  a  systems 
approach  <large  ecosystems,  climate  in  its  regional  as  well  as 
global  aspects).  In  addition  further  efforts·  are  needed  to 
understand the environment within buildings,  an area  on  which  the 
Community's  JRC  is carrying out pioneering work. 
A  scientific  approach  to  a  system  of  this  complexity  would  have 
··  be.en  unthinkable  a  few  decades  ago.  However,  progress  in  basic 
•:  mathematiCS  1  analytical techniqUeS  (inClUding  remOte  Sensing  frOffi 
space>,  together  with  the  huge  capacity  to  store  and  analyse 
information  by  advanced  computing  now  make  this  approach 
possible. 
Detection and  interpretation of environmental  changes 
4 . 6 6 .  A  second  set  concerns  the  continuous  detection  and 
interpretation  of  environmental  changes  and  the  assessment  of 
their consequences  on  human,  animal  and vegetable life as well  as 
on  geological  resources  and  the  sea.  This  is  needed  to  provide 
public  assurance  that  undesirable  trends  will  be  detected  and 
also to provide data  for the analysis outlined in 4.65.  above. 
Environmental  epidemiology  is  included  in  this  activity.  The . 
advantages  of  a  European  dimension  in  terms  of  statistical 
significance  .are  obvious.  Environmental·  toxicology  and  the 
development  of  suitable  systems  to  identify  and  measure  noxious 
agents is also important. 
Prevention 
....:- ... 
4.67.  The  third  set  concerns  prevention,  including  the 
development  of·  ~clean  technologies,·  the  abatement  of  existing 
noxae  and  the  elimination  of  toxic  wastes.  Research  on  the 
safety  of ·industrial practice  and  compatibility  of  agricultural 
practice with  the  environment  also belongs  to this  group.  Since 
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Key  Research Issues in the Envirorurental Field 
A.  Understanding the basic phenomena 
mechanisms of climate; 
atm::>spheric  (troposphere and stratosphere)  chemistry  ("ozone 
hole"); 
physiology of organisms \U1der  envirorurental. stress  (pollutants, 
drought,  etc) ; 
f~ctioning, stability and vulnerability of ecosystems, 
including stress ecology,  natural population dynamics; 
metabolism and effects of xenobiotic substances in nan,  animals 
and plants; 
interactions between atrrosphere,  soil and water bodies; 
chemistry an:l biology of soil urrler the influence of pollution 
an:l other stresses  (eg.  agricultural practise), vulnerability 
to erosion; 
basic nechani.sms of seismic and volcanic events; 
study of the effects of pollutants on materials; 
research into the prevention of accidents fran hazardous 
industrial activities. 
B.  Detection and Interpretation of Enviromrental Changes 
improverrent of rnethcx:ls  for the analysis of the canponents of 
envirorurental matrices;  . 
earth observation by reroote sensing techniques; 
elaboration of rnethods  for storage and treatrrent of data on the 
envirorurent, also in support of nodelling; 
ci>llection, carpilation and assessnent of data on envirornrental 
quality;·  . 
description and evaluation of damage  symptans on organisms; 
epidemiological studies in human  populations exposed to 
envirorurental pollution; 
studies on soil deterioration and erosion; 
recording of indicators for climatic changes. 
C.  ·Prevention of Envirorurental Damages 
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developrent of sourxl tedmologies for pollution abaterrent and 
waste recycling and disposal; 
d~velopment of alternative, less polluting technologies and 
products  ("clean teclmologies"); 
methods  for the ecologically sound managerrent of. ecosystems and 
renewable resources; 
rehabilitations of disturbed or degraded ecosystems; 
developrent of safer technologies  (chemical plants) ; 
investigation of the possibilities to predict,  and to mitigate 
the consequences of, disasters of nan-made and natural origin; 
design of rnethods ·and materials for the protection and 
restoration of the cultural heritage. 75 
these  activities  are  continuously evolving,  so  must  the  research 
·itself.  Studies on  the prevention and  mitigation of  man-made  and 
natural hazards also belong under this heading. 
Global  Climate  Change 
4.68.  The  greatest  source  of  concern  and  the  most  difficult 
to analyse is the so-called  "greenhouse-effect". 
Continued  burning  of  coal  and  oil  since· the  beginning. of  the 
industrial  era  has  resulted  in  increasing  quantities  of  carbon 
dioxide  being  added  to  the  natural  composition  of  the  planet's 
atmosphere.  Although  the  oceans  act  as  a  large  sink  through 
complex  phenomena  involving  phytoplankton  photosynthesis,  large 
quantities  of  carbon  dioxide  remain  in  the  atmosphe·re,  which  is 
now  enriched  in  this  gas  by  15-20%  with  respect  to  pre-
industrial values.  Natural  recycling of  C02  by green terrestrial 
plants is also seriously impaired by deforestation. 
Carbon  dioxide  is  not  transparent  to  the  infrared light.radiated 
back  by  the  earth's  surface  as  a  result  of  incoming  solar 
radiation,  which  means  that  heat  is  trapped  in  the  lower  layers 
of  the  atmosphere.  The  planet is thus  being heated  in  a  similar 
way to that of  a  greenhouse. 
Scientific  consensus  is  that  such  heating  will  produce  an 
increase  in  the  global  mean  surface  temperature  of  1.5  to  4.s·c 
over  the  next  50  years.  The  atmospheric  accumulation  of  other 
greenhouse  gases,  such  as  methane,  nitrous  oxide  and  the 
chlorofluorocarbons also plays  a  role. 
l 
The  climate change  resulting  from  such  heating would  have  serious 
consequences  for agriculture,  and  a  significant  ris~ in the level 
of  the  seas  is expected  from  the  thermal  expansion  of  the  oceans 
alone,  apart  from  the melting of the ice caps. 
4.69.  The  issue  has  global  dimensions  and  is made  enormously 
complex  by  the  uncertainties  still affecting  the  measurement  of 
global  heating,  the  regional  and  seasonal  features  of  the 
anticipated  climatic  changes  <precipitation  patterns  1  frequency 
of  droughts  and  other  extreme  ·  events,  etc.>,  and  · the 
uncertainties  about  future  energy  patterns.  It  involves  an 
assessment of  the rates of  carbon dioxide production,  of the role 
of  the  oceans  and  biosphere as  sinks  and  sources,  of  the  rate of 
deforestation,  the  possible  shifts  of  bioclimatic  zones  1  the 
modailing  of  all  the  interactive  components  of  the  climate 
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systems  (atmosphere,  oceans,  cryosphere,  biosphere),  and  an 
appreciation of the  consequences  of  energy policy options. 
4. 70.  Intensified  research  is  needed  to  reduce  as  much  as 
possible,  and  as  soon  as  possible,  the  remaining  uncertainties, 
especially as  regards  the  timing,  the magnitude  and  the  regional 
distribution  of  climate  change;  the·  impacts  which  the  change 
would  have  mainly  on  agriculture and  water  resources,  on  the  sea 
level  and  its  consequences  for  the  coasts  and  coastal-based 
economic activities,  on  socio-economic  structures in general;  and 
on  environmentally  benign  energy  options  capable  of  leading  to 
reduced  carbon  dioxide  emissions.  At  the  same  time  research  is 
needed  to ensure  preparedness  in respect of  changes  which  cannot 
be  prevented in time,  so at least alleviate their consequences. 
4.71.  Such  research  requires  European  and  world-wide 
cooperation,  not only because of  the multi-disciplinary character 
of  the  issue,  but  .also  in  view  of  the  need  for  a  coordinated 
approach  to  choices  that might  have  to  be  made  on  future  energy, 
agriculture  and  industry  policies  and  on  measures  able  to 
counteract or alleviate the affects of  the climate change. 
European Action 
4.72.  At  a  European  level the Community will need to mobilise 
various  modes  of  action  to  satisfy  research  needs  for  the 
understanding,  monitoring,  protection  and  improvement  of  the. 
environment,  starting  from  its  own  "in  house"  research  carried 
out  in  the  JRC  (a  guarantee  of  independent  high  level  S/T  know-' 
how  for  the  whole  Community),  to  a  shared-cost  action  and· 
international collaboration. 
In the latter context  a  major contribution at the  Community  level. 
to  the  implementation  of  the  International  Geosphere-Biosphere' 
Programme  <Global  Change)  deserves  careful attention. 
At  the  same  time  an  adequate  liaison  needs  to  be  assured  with' 
other  transnational  environmental  R&D  actions  in  Europe,  and 
notably within  EUREKA  and  with  the  space  agencies  <in  particular 
with  ESA>  to  ensure  a  proper  balance  between  the  space' 
instruments  themselves  and  the  requirements  of  the  scient~fic 
community  <see  also point  .. 4 .106.  on  Earth sciences) .. 
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2 .  HEALTH  RESEARCH  <Annex  8 ) 
Research  Needs 
4. 7 3.  Three  main  issues  in  the  field  of  health  provide  the 
starting point  for consideration of  research  requirements: 
<i>  the rising cost of health care and delivery systems. 
Health  costs  in  the  Community  amount  to  more  than  200  milliard 
ECU  per year-,  the equivalent of  about  8%  of  GNP.  They are rising 
both  because  of  the  increasing  sophistication  of  medical 
equipment  and  opportunities  for  treatment,  and  because  of  the 
growing  incidence  of  certain  diseases.  This  is  related  in  part 
to:  · 
(ii>  the  •greying•  of Europe's population. 
Europe  faces  the prospect of.an ageing population over the period· 
to the end of  the century as  a  result of  lower reproduction rates 
in  the  1970s  and  1980s,  on  the  one  hand,  and  higher  life-
expectancy,  on  the other.  This will mean  a  quantitative increase 
over the corning years  in age-typical illnesses,  with  consequences 
for the demand·on.medical  services; 
<iii>  the  need  for  major  progress  in  the  fight  against 
diseases  such  as  cancer  and  AIDs,  as  well  as  those  related 
to the environment  and  life-style. 
4.74.  Public health research in the Community,  which  is about 
half  that  of  the  USA,  amounts  to  less  than  2%  of  total  health 
costs.  If  properly  aimed,  it can  make  a  major  contribution  to 
meeting  all  three  of  the  needs  described  above.  Research· on 
prevention,  care-delivery  systems  and  organisation  is  essential 
t9  ensure  the best value-for money  in health delivery  <i>;  while 
the need  for targetting research efforts on the specific problems 
posed under  <ii>  and  <iii>  is widely recognised. 
European  Action 
4. 7 5.  Research  is  proceeding  on  all  these  fronts  in  the 
Member·  States,  but  often  in  a  fragmented  manner.  Most  national 
~esearch  programmes  in  the  field  of  medicine  and  health  consist 
of  a  large  number  of  relatively  small  projects  carried  out  by 
scattered  and  relatively  small  research  teams  often  working 
independently  at  universities,  hospitals  etc.  This  is  an  area 
where  the  value  of  more  coordinated  action  across  national 
frontiers  has  already·been recognised and  concerted action within 
the  Conununity  framework  has  proved  its  worth.  The  principal 
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characteristic  of  this  concerted  action  is  that  Member  States 
themselves  select ·the  projects  for  coordination  at  Community 
level  and  execute  the  work  themselves;  while  the  Commission 
coordinates the national  research contributions. 
4.76.  The  future  action  lines  in  health  research  recommended 
by  the  Advisory  Committee  for  the  Community's  Health  Research 
Programme  are  summarised  in  table  4 .11.  It will  be  seen  that 
they  correspond  very  clearly  to  the  needs  described  earlier  .. 
They  also  include  one  other  important  aspect  of  R&D  on  health 
research  - the  development  of  medical  technology  - which  has  an 
economic  as well as  social dimension. 
3.  SAFETY  <Annex  9> 
4.77.  The  safety of  the  environment  in the  home,  at work  and 
in  travel  is  a  fundamental  social  need,  linked  also  to  the 
control of costs  in health.  The  contribution of  R&D  to safety is 
pervasive  - from  the  use  of  new  materials  to  the  development  of 
robotics,  from  the  improvement  in vehicle and aircraft technology 
to  the  development  of  monitoring  and  sensing  techniques  to 
·identify  potential  dangers  in  the  environment  and  in  machinery 
and equipment  long before they occur. 
Industrial and  Road  Safety 
4 . 7 8 .  In  the  field  of  i.ndustri.a1  techno1ogi.es  and  materials 
increasing attention will  have  to  be  given  to  the safety aspects 
of  design of  consumer goods  and also to the safety of  the working 
environment  itself,  as  foreshadowed  in  the  Single  European  Act 
itself.  An  important issue,  where  R&D  has  a  role to play,  is the 
development  of  common  safety  standards  in  respect  of  the  new 
technologies  ·themselves.  Lasers  for  industrial  use  are  a 
significant example. 
4.79.  The potential contribution of  R&D  to road safety in the 
longer"-term  i.s  particularly  great,  and  major  effort~  are  being 
undertaken  in  Europe  to  develop  both  the  "intelligent  car"  and 
the  road  infrastructure  that it will  require.  This  is  an  area 
where  collaborative  transnational  efforts  are  important  both 
because  of  the  scale  of  the  research  requirements  .and  the  need 
for  a  harmonised  approach.  The  Community  itself  has  launched  a 
significant  programme  <DRIVE  - Dedicated  Road  Infrastructure  for 
Vehicle  Safety  in  Europe>  which  is  designed  to  help  coordinate 
efforts on the infrastructure;  while within  EUREKA  the  PROMETHEUS 
project  and  other related transport  R&D  projects are  focussed  on 
125 FUTURE  ACTION-LINES  PLANNED  IN 
lfEALTif  RESEARCif 
CANCER 
Cancer  research  training  sche~e 
Clinical  treatment  research 
EpideAiological  research 
Early detection  and  diagnosis 
Oru9  development 
EKperimental  (fundamental)  research 
A  I  D  S 
Disease  control  and  prevention 
Viro-immunologlcal  research 
Clinical  research 
AGE-RELATED  HEALTH  PR08LE"S 
Reproduction 
Ageing  and  di~eases 
Disabilities 
ENVIRONMENT  ANO  LifE-STYLE  RELATED  HEALTH  PROBLE"S 
Breakdown  in  human  adaptation 
Nutrition 
Consumption  of  illicit drugs 
Infections 
HEOICAL  TECHNOLOGY  OEVELOPHENT 
Diagnostic  methods  and  ~onitoring 
Treatment  and  rehabilitation 
Technical  and  clinical evaluation 
HEALTH  SERVICES  RESEARCH 
Research  on  prevention 
Research  on  care delivery  systems 
Research  on  health  care  organization 
Health  technology  <tssessment 
TABLE  4.11. 
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the  in-car  research  requirements. 
major preoccupation. 
Coordination  of  effort  is  a 
Nuclear fission safety 
4.80.  A  third area  where  continuing safety research is of  the 
utmost  importance is nuclear  fission.  The  dependence  on  nuclear 
power  for  energy  supplies  varies  significantly as  between  Member 
States.  But  as  the  Chernobyl  accident  demonstrated  forcefully, 
the  safety  of  nuclear  power  is  a  matter  that  concerns  each  and 
every Member  State. 
4. 81.  The  needs  and  outlook  for  research  on  nuclear  safety 
both outside and  inside  Europe are presented in annex  9.  The  USA 
used  to  be  in  the  forefront  of  research  but  the  Americans  have 
now  reduced  their  efforts.  Japan  is  continuing  to  make  a 
significant effort.  The  results  of  Soviet  work  in the  field  are 
not  fully  available,  although  some  opening  has  occurred  after 
Chernobyl.  Europe  has  moved  into  the  forefront,  with  some 
countries  playing  a  leading role  <France,  Germany  and  the  United 
Kingdom>.  · 
4. 82.  In  the  field  of  radiation protection  <where  Community 
research programmes  have either directly supported or coordinated 
80%  of  the  effort  inside  the  Community>  continuing  research  is 
needed  on: 
Human  exposure  to  radiation  and  radioactivity 
<measurement  and  interpretation  of  radiation  dose; 
transfer  and  behaviour  of  radionuclides  in  the 
environment,  making  full  use  of  the  information  coming 
from  Chernobyl> . 
. Effects  on  the  human  body  of  exposure  to  radiation; 
as~essment, prevention and  treatment. 
Management  of risk of  exposure  to radiation. 
4. 83.  A  major  information  effort  is  also  required.  In  the 
aftermath  of  Chernobyl,  political  and  social  considerations 
overrode  scientific  and  technological  arguments  about  radiation 
levels  and  their  effects.  Scientists  and  technologists  are 
partly  responsible  for  this.  Before  the  event  they 
underestimated  the  importance  of  systematic  information  and 
education  of  the public;  while after the·event  they confused  the 
public  by  non-homogeneous  technical  jargon  and  disagreements 
about  details.  This  has  had  negative  consequences  in.._.  some 
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countries  on  public  confidence  in  the  nuclear  community.  This 
confidence  can  and  must  be  restored  by  greater  openness  and 
willingness  to  communicate,  not  only  in  terms  understood  by 
fellow  scientists,  but  also  in  terms  accessible  to  a  much  wider 
public  progress.  Particular  efforts  must  be  made  in  this 
direction over the coming  months  and  years. 
4. 84.  Continuing  research  ·work  is  also  needed  on  reactor· 
safety  (notably  the  phenomenology  of  low  probability  severe 
accidents;  mitigation  of  the  consequences  of  severe  accidents; 
structural  behaviour  of  reactor  components;  fuel  behaviour; 
improved  passive  safety  ,nechanisms);  the  safety  of  the  fuel 
cycle;  radioactive waste  management  and  storage;  decontamination 
and  dismantling  techniques  for  nuclear  plants;  and  control  of 
fissile materials. 
4.  BIOETHICS 
4.85.  The  progress  in  biology  described  earlier  is  so  rapid 
and  the  resulting  applications  so  pervasive  arid  substantial. that 
the utmost attention must  be  given to their impact  on  individuals 
and  society.  Ever  since biotechnology began  to open  up major  new 
possibilities,  notably  in  the  field  of  genetic  engineering, 
biologists  themselves  have  been  conscious  of  this  need  .  More 
than  a  decade  ago  they  proposed  and  implemented  a  moratorium  on 
genetic  engineering  research  until  the  conditions  for  safety 
were  identified.  Since  then,  public  opinion  as  well  as  public 
authorities  has  become  progressively  aware  of  the  problem  and 
bio-ethics has  become  a  subject of constant attention and action, 
not only at the national but also at the international level  <for 
example  the  yearly  Bioethics  Conferences  of  the  . Summit  of 
industrialised  countries>.  In  Europe  itself,  the  Council  of 
Europe  has  created  a  standing  Committee  for bioethics. 
4.86.  The  Community's  obligations  in  the field of  health  and 
safety,  as  well  as  the  need  <for  competition  reasons>  to  avoid 
the  emergence  of  widely  divergent  legislation  in  the  Member 
States  -on  biotechnological  applications  and  products  are 
compelling  reasons  for  a  Community  approach  to this  issue.  Such 
an  approach  would  contribute  to  public  confidence  in  science  in 
the  Community,  without  which  the  European  Technology  Community 
cannot be  soundly built. 
In  the  first  half  of  1988  the  German  Presidency  of  the  EC 
Council,  in complete agreement with the  EC  Commission,  called for 
the  pursuit  of  bioethics  at Community  level.  Some  progress  has 
been  made.  The  momentum  should  be  maintained  and  increased.  It 
is essential  that ethical,  societal  and  juridical considerations 
accompany  science and  precede technological developments. 
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III FUND.AMEN'l'AL  RESEARCH  - THE  ESSENTIAL  UNDERPINNING 
4.87.  A  solid capacity in fundamental  research,  both  free and 
targetted,  provides  the essential underpinning to the  research in 
specific  fields  described  above.  As  the  provider  of  new  ideas 
and  knowledge it offers opportunities  for quantitative change  and 
new  openings  of  both  economic  and  social  significance,  widening 
~nd deepening  the  scope  of  technology  options.  It is  therefore 
of  vital  importance  to  Europe's  quest  for  independence  and 
autonomy. 
4. 88.  In  the  USA,  while  Federal  support  for  non-military 
applied  research  and  development  has  decreased,  that  for 
fundamental  research  has  increased  over  the  last  5  years  <  cf. 
chapter  2>.  Japan  is  now  fully  aware  of  the  need  to  strengthen 
its  basic  research  at  home,  and  in  an  international  framework 
has,  for  example,  launched  the  Human  Frontier  Science  Programme 
for  joint development  of  fundamental  research  in neuro- and  cell 
biology  by  the  Industrialised  Surnrni t  Countries.  In  the  USA 
scientific  research  proceeds  on  a  very  broad  front,  and  gives 
opportunity  to  "free",  individual  choices,  whereas  in  Japan 
targetted  basic  research  prevails.  The  implications  of  this  new 
international emphasis  on  basic research are discussed  further  in 
chapter  5~1.  below. 
4.89.  European  excellence  in  fundamental  research  is 
demonstrated  by  the  att~ibution of  Nobel  Prizes  and  by the other 
indicators of  performance discussed in Chapter II.  However,  most, 
European researchers would  think that  US  occupies  the first place 
in  their  own  field29  .  During  the  last  decade,  industry  and 
universities  have  become  increasingly  aware  of  each  other.  The· 
questions  posed  by  the·further evolution  of  this  trend  in  Europe 
are also discussed in chapter 5. 
The  Organisation of  Basic  Research 
4.90.  One  permanent  problem for basic research policy is 
the distribution of  resources  between  a  small  number of  large and 
expensive  projects  <so-called  "Big  Sciences">  and  more  diffuse 
and  less expensive activities of  small  groups  and  individuals. 
The  question  has  been  partially· solved  in  Western  Europe  by 
several  multinational  ventures  for  the  common  pursuit  of  Big 
Sciences  <  eg.  CERN  for  high  energy  physics,:  ESO  for  astronomy, 
29  This  emerges  clearly  from  The  Community  of  Science  in 
Europe,  Mark  N.Franklin,  a  study made  on  behalf  of  the 
CEC  in  collaboration  with  the  European  Science 
Foundation  <contract  STI  042,  November  1986>  and 
subsequently published by Gower  <ISBN  0566056321>. 
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ESA  for space,  EMBL  for biology,  ILL  for neutron s9urces,  ESS  for 
synchroton  radiation30  >.  Moreover,  some  very . large  national 
facilities,  such  as  the  German  centre  in  Haml?urg  are  open  to 
bilateral  collaboration.  These  activities  have  been  succe·ssful 
and  there is growing collaboration among· them,  which is a  welcome 
trend.  ·  In  the  future,  international  collaboration  in  ·Big 
Sciences  may  have ·to  extended  world-wide..  Controlled . nuc,lear 
fusion is·a  cas~ in point,_as  discti~sed earlier. 
Simultaneously,  several networking ini  tia·ti  ves  have ·been  taken  so 
as  to  assure·  the  benefits· of  complementarity  al).d  . task.  ·sharing 
among·  individual  scientists  and  small  groups.  The.· European 
Science  Foundation  <  ESF >  ,  ·the  European  Molecular  Biology 
Organisation  <EMBO)  and.  the  European  Conmiunity·'s  Stimulation 
p~ogramme  (now  called  the  SC_IENCE  ·Progra·mme)  ·'  together · wi.th  the 
Community's  sectoral  R&D  programmes~ play importal).t  roles  in this 
context. 
There  remains;  however,  the  question  of  access  to  advanced· 
middle-size  research ·devices· and  the  development  of  expensive 
scientific instrumentation.  Given the cost and  sophistication of 
many  of  the  faciiities in .question it is not  feasible.to  imagine 
that  they· could· all  be .ava'ilabl_e  in  every  European  country, ·let 
alone  very  major  labqrato'cy.  Particular  efforts  are  th.erefo:te 
needed  to  provide  a  framework  tor  cooperation  among  national 
·teams  and  to  reduce  the  risk of  fragmented  research efforts.  In 
19,89,  in recognition of this problem,  the Community will initiate 
a  pilot  progralnme  to  support. mutual  access  to  large  national 
installations.  Sugge·stions  have  also  been  made  within  CREST  to 
launch  a  feasibility  . study  .on  joint  European  development  of 
scientific ·instrumentation. 
Developments  in specific scientific disciplines 
4. 91.  Within  the  broad  area  of  fundamental  research  1  some 
developments  in  mathematics  1 .  physics  1  chemistry  and  the  earth 
sciences  should  be  highlighted.  Fundamental  biology,  together 
with  basic  biotechnology  and  its  applications  was  dealt  with 
earlier in section I.  · 
30  CERN  - European Centre  for. Nuclear Research 
EMBL  - European  Molecul~r Biology Laboratory 
ESO  - Europ~an Organisation  for Astronomical  Research 
in the Southern Hemisphere 
ESA  - European  Space Agency 
ESF  - European Science  Foundation. 
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Mathematics 
4.92.  In  modern  mathematics,  the  theory  of  non-linear 
phenomena  and  related geometrical ideas deserve attention because 
they  are  revolutionising  the  theory  and  application  of  dynamic 
systems,  with  far-reaching  implications  for  physics,  chemistry, 
biology,  meteorology,  ecology,  technology  and,  probably, 
sociology and  the science of  economics.  Most  real world  problems 
are complex  and  non-linear;  therefore they fall outside the  scope 
of  traditional  closed-form  analysis.  The  subtle  and  versatile 
techniques  of  dynamic  systems  theory  now  make  it  possible  to 
model  and  to  explore  the  evolution over  time  of  both  natural  an~ 
man-made  systems. 
4.93.  The  combination  of  theoretical  advance  and  significant 
computing  power  now  makes  it  possible  to  distinguish  those 
systems  which  evolve  towards  a  stable solution;  those that evolve 
to  a  situation  of  stable  oscillation;  those  that  reach 
alternative  final  states  depending  on  small  differences  in  th~ 
initial conditions;  and  those that develop  into a  state of  steady 
but  perpetual  chaos.  The  search  for  an  underlying  order  in  the 
ensemble  of  all chaotic  trajectories  in  a  chaotic  system  remains 
a  major challenge to modern  mathematics. 
4.94.  Specific examples  of  the  impact  which  the  theory of  non-
linear,  complex  phenomena  has  on  other  branches  of  science  and 
technology  can  be  found  in  Annex  10.  These  include  the 
development  of  the  first  optical  version  of  a  transistor,  and 
demonstration  of  the  feasibility  of  an  all-optical  computer'; 
advanced modelling of climatic change  <of  relevance  to  the Global 
Change  initiative  discussed  earlier);  improvements  in  the 
functioning of  the internal combustion engine. 
4. 95.  The  theory  of  non-linear  phenomena  was  pioneered  in 
Europe.  And  Europe  continues  to  play  a  significant  role 
Research  projects  in  fields  such  as  those  mentioned  in  4. 94. 
above  are  amongst  those  accepted,  after stiff competition,  unde~ 
the  EC  Stimulation  programme,  reflecting  the continuing  interest 
of  European  researchers  in pushing out the frontiers. 
Physics 
4.96.  In  addition  to  encouraging  further  collaboration  among 
existing  multinational  ventures  in  high  energy  physics  etc., 
greater  attention  ne~ds  to  be  given  to  the  exploitation  of 
technology  spin-offs.  This  must  be  done  without  side-tracking 
the  main  projects.  The  scope  for  closer  links  with  EC 
technological  research  programmes  and  to  the  industrial  firms 
participating in them  could be usefully explored. 
131 84 
4.97.  As  far as  fundamentai  physics are concerned,  particular 
attention  needs  to  be  given  to  the  study  of  condensed  matter  1 
because of  both its implications  for materials  technology and  its 
need  for  large and  medium  scale investigation facilities  <such  as 
synchrotron  radiation  and  neutron ·sources,  high  power  lasers  1 
irradiation  devices).  The  USA  and  Japan  are  well  provided  with 
such devices.  In  Europe,  however,  they are often unique  and,  (as 
suggested  above>,  could be open  to increased transnational use. 
A  suggestion  along  these  lines  was  made  in  1985  by  the  UK 
Sciences  and  Engineering  Research  Council  and  could  be  pursued 
through the  EC  programme  of  Access .to Large  Installations. 
4. 98.  Among  the  scientific  developments  of  particular 
interest  in  terms  of  the  expected  technological  impact,  is  high 
temperature superconductivity (the ability of electrical currents 
to  flow  without  resistance),  which  was  discussed  in  section  1 
above  in the context of  industrial materials. 
4. 99.  Other  areas  of  the  physics  of  matter  should  also  be 
mentioned,  because  of  their  electromagnetic,  optical  or 
mechanical properties,  such as  "low-dimensional"  <i.e.  very thin) 
materials,  artificially  structured  materials,  material  obtained 
and  performing  under  extreme  conditions,  liquid  crystals,  quasi 
crystals.  Progress  on  these  subjects  has  a  high  priority in  the 
USA.  . 
4.100.  Developments  in optics and  lasers are also interesting: 
in  advanced  optics,  Western  Europe  is in  a  good  position and  has 
pioneered  some  recent  developments  <for  instance,  the  Joint 
European  Optical  Bistability  Project  within  th~  EC  Stimulation 
Programme> . 
In  lasers,  however  1  in  spite  of  some  important  na  tiona  1  and 
multinational  developments  inside  BRITE  and  EUREKA,  European 
.efforts are  not  on  a  par with  those  in  the  USA,  where. there  has 
been  a  significant  spin-off  from  militarY  R&D,  and  notably  SDI. 
The  need  for  strengthened  joint  European  action  in.  this  field 
merits careful consideration.  · 
Chemistry 
4.101.  Chemistry  is  also  developing  rapidly,  "pushed"  by 
progress  in  computing  1  mathematics  and  physics  instrumentation 
and  "pulled"  by biology and  by a  pervasive market  demand. 
Here  as· in other  technological  areas,  quality  is  becoming  more 
important  than  quantity.  From  t.he  · scientific  standpoint, 
computer  modelling  and  prediction  as  well  as  ·progress  in 85 
analytical  tools31 . are  changing  the  way  in  which  chemicals  are 
isolated,  identified,  designed·  by  computer  and  synthesized. 
Progress in the theory of  chemical reaction is leading to  a  whole 
spectrum of  new catalysts- <synthetic enzymes,  catalytic. surfaces, 
cluster  catalysis;  homogeneous  . catalysis)  and  photochemically 
primed  events..  At  the  same  tinie ·  a  number  of  techniques, 
including  "intelligent"  selection  membranes  are  improving 
.separation and purification. 
·4.102.  Europe occupies  a  very good position both  on  the market 
for  chemistri-based.  products  <see. chapter  I>  and  in·  basic 
.science.  There  are,  however,  some  problems  of .public  acceptance 
because  of  the  issue  of  toxic  waste.  Possibly  related  to  the: 
latter,  there  is also  some  difficulty in recruiting  a  sufficient 
number of  high quality students  (qf.  chapter 5). 
Earth.Sciences 
4.103.  The  importance  of  progress  in  the  earth 
the  prediction  of  natural  phenomena  with  major 
social  impacts  <eg.  earthquakes>,  as  well  as  for 
e~ploitatiori .of  land· resources  goes  without  saying.· 
sciences  for 
economic  and 
the  rational 
4.104.  The  oil  companies,  in  particular,  are  t~emselves 
engaged  in.si~nificant basic and applied  rese~rch.  Deep drilling 
has  been  .pioneer~d . by  the· Soviet  Union;  and  there  are  major 
efforts in the USA.  Good  European  coordination· is· assured  by  the 
European  . Science  Foundation  .  <cf.  the  Geotraverse  Project 
supported by the  EC).  At  a  national level,  the German  government 
recently decided  to  initiate a  very ambitious  programme  to drill 
a  very deep  <10  km>  hole  through the crust of  t}:l.e  earth.  This  is 
important because other deep drills  <notably those carried out  in 
the  Soviet  Union>have  suggested  that  conventional  methods  in 
exploration of  the earth crust may  be affected by artifacts. 
4.105.  Oceanography,  as  part  of  the  earth  sciences,  is  being 
actively  pursued  throughout  the  world.  The  US  is  lec:iding  the 
field,  with  a  high  level  of  participation  of  Japan  and  some 
European  countries.  Some  aspects  such  as  the  study  of  the 
coastal  zone,  the  interface between  the ocean  and  the  atmosphere 
(important  for  understanding  global  climate  change)  will  be 
31  Mass  and optical spectroscopy 
NMR:  Nuclear Magnetic  Resonance  . 
ESCA:  Electron Spectroscopy for Chemical  Analysis 
XAFS:  Xray Absorption  Fine Structure 
XANES:  Xray Absorption·Near  Edge  Structure 
Neutron activation,  neutron scattering,  chromatography. 
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5. 4.  This  is  a  matter  for  all  European  governments  to  reflect 
upon.  In many  areas  basic  research  is very  expensive.  This  is 
obvious  for  fields.  like  high  energy  physics  or  oceanography or 
space.  But  many  smaller-scale basic  research  investigations  now 
also  require  high-cost  sophisticated  equipment.  Costly  basic 
research  cr~es  out  for  a  joint  or  coordinated  approach  whether 
through the sharing of  expensive facilities or the  formulation  of 
coordinated  work  programmes.  Resource-pooling  is  already 
happening .to  some  extent  in  Europe,  notably  through  CERN,  EMBL, 
ESO,  the  basic  research  programme  of  ESA  and  ESF33  .  The 
SCIENCEprogramme  of the Community is also helping to demonstrate 
the usefulness of  joint approaches  to speculative basic research. 
And  in  ESPRIT  II  and  under  the  new  BRITE-EURAM  programme · 
currently  before  the  Council  provision  has- been  made  for  joirit 
projects on  more  targetted basic research topics than.hitherto. 
5.5.  The  Commission  believes  that- this  trend  should  be 
reinforced  during  the  corning  ye~rs.  It considers  basic  research_ 
to  be  an  essen_tial  aspect  of. Community  efforts,  uJ1derpinning 
research  aimed  at  improving  competitiveness·  and  research  on  the 
societal  -problems  facing  Europe.  -Basic  research  supports 
industr-ial  development  longer-term alongside  - but  disti~ct ·from 
- shorter-term product_ development.  Basic research also performs 
the  vital  functio_n  of  "training"  researchers  in  the  pa,radi(pns, 
methods  and  norms  of  ·research  .  To  neglect  _this  human  capi  ta;t 
.would  seriously  compromise  Europe; s ·  long-term . prospect.  Al:; 
suggested  _in  Chapter  IV,  biology  is  one  field  where  new 
fundamental  research  efforts  are  now  needed  to  lay  the 
foundations  for  more  applied  research  later,  notably  in  the 
fields  of health and agriculture. -
Private  industry  should  also  be  encouraged  to  invest  more  in 
basic  research  for  the  longer~term.  Historically,  important 
advances  in- fundamental  research  have  been  made  by  scientists 
working  within  private  sector companies  <one  example  is the  work 
on beta-blockers which  recently led to the award  of  a  Nobel  Prize 
to Sir James  Black>. 
(ii)  The  links between  industry and  the universities 
5.6.  The  Japanese  technological  success  is  part+y  attributable 
to  close  relationships  between  universities,  'industry  and 
government,  including  the  _ establishment  of  a  series  . of 
33  CERN  - European Centre -for  Nuclear Research 
EMBL  - European Molecular Biology Laboratory 
ESO  - European  Organisation  for Astronomical  Research 
in the ·Southern Hemisphere 
ESA  - European  Space Agency 
ESF  European  Science  Foundation. 
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specifically  cooperative  ventures  involving  firms,  universities 
and  MIT!  laboratories34  In  the  USA  industry-university 
cooperation dates  back  over many years,  but in the ·1980s it  has. 
witnessed  a  qualitatively  new  development  in  the  form  of  major 
multimillion dollar contracts  between  companies  and  universities 
enabling  companies  to  be  the  first  to  have  access  to  the  work 
carried  out  on  campus  in  a  broad  scientific  domain  and  for  a 
period  of  years35.  In  Europe  the  traditions  of  industry-
university links vary considerably but the general trend has  been 
towards  a  reinforcement,  with industry driven increasingly by the 
need  to  tap  scientific  knowledge  and  universities  by  financial 
constraints.  One  associated  phenomenon  has  been  the  growth  of 
"science  parks"  on  both  sides  of  the Atlantic  <eg.  Durham  in  the 
USA,  ·Cambridge  in  the  UK>  .  Community  cost-sharing  programmes 
such  as  ESPRIT  and  BRITE  have  aimed  to  encourage  the  links  by 
deliberately  providing  a  framework  in  which  industry  research 
workers  and  those  in  universities  can  team  up  in  specific  R&D 
projects.  · 
5.7.  The  trend towards  close industry-university links  in  Europe. 
should  be  further  encouraged.  It is  one  more  potential  means  of 
maximising  the  use  of  scarce  R&D  resources.  But  there  are  two 
caveats.  The  first  is  linked  to  the  balance  between  basic  and· 
applied  research  <point  (i)  above>.  There  is  a  risk. that 
increasing  university  dependence  on  industry  may  encourage  more 
and  more  university  resources  to  be  devoted  to  short-term 
problem-solving  to  the  neglect  of  longer-term  and  more 
fundamental  research.  Secondly,  there  is  a  risk that  exclusive 
relationships  between  companies  and  universities  or  university 
departments  may  lead  to  restrictions  on  the  availability  of 
research results.  This  is already an  important issue in the  USA,· 
and  it  is  likely to  grow  in  importance  in  Europe.  Already  the 
OECD,  in  a  recent  report  has  expressed  concern  about  the 
implications  for the  longer-term36. 
34 
35 
.  36 
notably  the  JISEDAI  <Basic  Technologies  for  Future 
Industries>  and  ERATO  (Exploratory  Research  for: 
Advanced  Technology>  programmes.  This  is  not  to  say, 
of  course,  that the Japanese experience  can be directly 
translated to  Europe. 
Well-known  examples  are  the  ten-year-agreement  between 
HOECHST  and  the  Massachusetts  General  Hospital  for  the 
creation  of  a  department  of  molecular  biology;  and  a 
five-year-agreement  between  MONSANTO  and  Washington 
University in St.  Louis for research on proteins and peptides . 
Science and  Technology Outlook,  1988 
OECD,  Paris  1988. 
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The  Commission  has  shown  the  way  to  avoid  the  risks  ·in  Community 
programmes  through  the  nature  of  the  contractual  arrangements 
made  with  participants,·which  provide  a  basis  for  both  assuring 
the dissemination of  research results to interested parties while 
safeguarding  the  interests  of  the  specific  research  groups 
involved.  But  this  is an  issue which  will  need  to  be  considered 
further  in all research  funding  programmes  of  a  national  as  well 
as  a  transnational nature. 
5. 8.  Two  other  more  specific  developments  at  a  European  level 
also  deserve  attention  in  the  context  of  links  between 
universities and  industry.  The  first is the creation by anumber 
of  multinational  companies  of  a  European  Institute of  Technology 
aimed  specifically  at  creating  links  between  industrial  R&D 
efforts  and  pre-competitive  university  research.  The  second  is 
the  growing  industrial  interest  in  participation  in  ·the 
multidisciplinary  collaborative  research  associations  in  Europe 
known  as  European  Laboratories  without  Walls  <ELWWs).  This 
latter  issue  is  currently  under  discussion  by  the  Community's 
Management  and  Coordination  Advisory  Committee  on  Biotechnology 
and  by the  Industrial Research  and  Development  Advisory Committee 
( IRDAC). 
Basic research must be given adequate support and 
attention, if solid foundations  for the future are 
to be constructed. 
Industry-university links should be further encouraged, 
but attention must be paid to the consequences for the 
nature of university research work and the availability 
of research results. 
EDUCATION  AND  INFORMATION 
(iii>  Broadening and  deepening  the technology culture 
5.9.  The  conduct  and  management  of  research  and  the  application 
of  the technologies  that result  from it all depend  on  the  skills 
of  individuals.  The  most  successful  societies  iri  the  post-war 
period have  been those that have  sought actively to develop those 
136 skills,  to create a  general  climate 
encourage  the  emergence  of.  large 
scientists  and. engineers.  In  the 
ever more  in demand. 
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of  technical  literacy and  to 
numbers  of  highly  trained 
future  these  skills  will  be 
I 
5 .10.  Japan  has  witnessed  the  most  significant  growth  in 
general  technical  lit~racy  il_nd  in  the  numbers  .of  research 
scientists  and  engineers.  · In  the  USA  the  mlrilbers  are  high  but 
stagnant,  and  increasingly worries are expressed about  the  future 
availability  of  the  manpower  ne.eded  to· carry  through  the  new 
technological  revolution.  In  Europe  the  traditions  of  some 
countries  are· stronger ·<Chapter  II>  than  others.  But .there  are 
widespread ·mi.smatches  between the output of traditional education 
and  the . demand . for  ..  skilled  ma.npower..  There  . are  particular 
shortages of highly qualif·ied scientific personnel in the smaller 
and  less developed countries of the Community  <see  <viii>"  below>. 
But·  even  ·in  some  of  . the  larger- countries  the  shortages  of 
science-based · skills  are  already  a  source  of  some  concern  and 
there  are  new· worries. about  a  "brain-drain"  as  US  universities 
and  companies  seek '·to  entice  the  brightest  and  the  best  to  meet 
their·  own  ·future  needs  for  highly  q~alifi.ed  scientists  and 
engineers..  The  us:  drive will  not  be .directed only  a·t  Europe:  a 
key  issue  in  the  US:A·  now  is  whether  and· how  to  encourage  the 
laig'?!  nwribe·r . of  A~ian students  at  US  universities  to  stay  on  in 
the  USA.  But. Europe will continue to  b~ a  major potential source 
of  supply'of_highly trained reiearch scientists to the  USA. 
5 .11.  The  quest·ion  of_ science · education,  training  and  skill 
acquisition·  . is  on~  principally  for  national  governments. 
Industry  also  has  an .important  role  to ·play  and  many- indu-stries 
have  already  increa.sed  their- own  training ·efforts . as  a  partial 
solution.  . But·  the  .value  of . complementary  action  at  Conununi ty 
level  has  already·been demonstrated  by  the  success  of  the  COMETT 
and  ERASMUS  programmes ..  Alongside,· ·the  Comniuni ty must  now  move 
forward  ln  i,mproving  the. -attractions  of  the  wider  European 
framework  ·to· the  most ·able  national  research  workers . by  mo·re 
rapid progress  in creating a  genuine Researchers'  Europe~  As  the 
scope· .of  ·research  n.aeds  ·widens  and  deepens  it is . less  and  less 
possible.  for_  individual  countries,  however  large,  to  ·offer 
centres  of  excellence  i~ every field.·  It. becomes  in  consequence 
increasingly  important  for  r.esearchers  ·to  be  able  to  take 
advantage  of  the . possibi-li  ti~s  offered  by  the  whole  European 
Community.  . At . present.  the ·mobility  o.f  researchers  is  hampered 
not  only  by  language  problems  1  but  also: by  p:tactical  problems 
such·  ·as  different  sqcial  security  systems  1  pension  arrangements 
and  so·on.  Progress  in this area-will be  greatly facilitated  by 
the removal  of barriers to the  free movement  of  labour within the 
Community  in . the  framework  of  progress  towards  the  Community~  s 
Internal Market. 
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CivJ  The  public acceptability of  science and  technology 
5.12.  A  related issue is that of  public acceptability of  science 
and  technology.  Public concern has  two  facets.  On  the one  hand, 
people  WOrry  about . the  dangeJ::7S  and  ·risks  associated  with  new 
technology,_  and  particularly  the  -possibility  of  ·involun-tary 
ac;:cidents  <a  repeat  of  the  Chei:nobyl  accident,  the  escape.  of 
dangerous  biological  cultures,  the  pOssibility of  major  chemical 
spillages  etc.) •  On  the  other;  there  is ·ethical  concern  about 
the  possi~ilities offered ·by scientific deve~opments,  (or example 
in ·the  field  of  genetic· engi·neering,  .which·  may  be  voluntarily 
exploi~ed.  - · 
5.13.  Concern  abou~  new  scientific  developments  is  often -based 
on  fears of  the  unknown.  _This  is particularly true at present in 
the case of biotechnology.  Public opinion surveys  in the  USA  and 
in  some  European  countries  have  revealed  considerable -confusion 
about  its benefits  and  risks.  They  have  also demonstrated  that 
the  degree  of- acceptability  of  new  technologies.  such·  as 
biotechnology depends. heavily  on  the  level  of  general  education . 
and . em  -the  depths  of· understanding  of  the  issues . surrounding  a 
particular scientific development or·technology37.  . 
.  ' 
-It is important for the .proper  functioning of our democracies  and 
for  the  advanc~ of  European·society that popular understanding of 
the  issues  should be  improved.  Only  in  that  way  will  sensible 
choices  be  made;  a  sound  regulatory environment  es.tablished  to 
minimise the risks;  and an  informed basis created for  exami'nation 
of  the  ethical  issues.  The  role  which  information  can· play  in 
this- respect  is  visibly  illustrated  in  the  case  of  the 
Netherlands -where  tough  regulat~ons  on· safety  matters ·combined 
with a  high quality,  extensive and  s·ystematic provision of  public 
information  in  schools  and  through  the  mass  media  has  helped  to 
reduce-concern about recombinant  DNA.  techniques. 
5.14 •  _The  Commission  has.  a  role  to  play  on  behalf  of  the  whole 
Community  in- improving ·public· unders·tanding- about  these  important 
issues ·by  help_ in  the  design  and· development  of· consistent  and 
objec;:tive  information  ·material.  _The_  prospect  of .  a  ·  large 
expansion of_ satellite broadcas-ting could offer· new opportunities 
for  Community-backed p:togra1nmes  on. science and- technology issues. 
37  See  Science  arid  Enaineerinq  Indicators,  1987 ,NSF 
washington;  "Public  Opinion  on  Biotechnology: 
<un>known,  Cun>loved?"  in  Biotechnology  in  Holland, 
19S5/5;  Democracy  and  Biotechnology,  Mark  Cantley,  in 
Swiss  Biotech,  5(1987>. 
132 More attention must be paid in Europe to the development 
of human resources,  both to pursue scientific knowledge 
and to apply its results.  A particular effort must be 
made to provide an attractive environment inside 
Europe for research workers in which the brightest and 
the best have easy access to the centres of excellence 
which are available in different countries. 
At the same time a  particular effort must be directed to 
improve public understanding of science and technology 
issues. 
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<v>  Encouraging  the private sector to invest more  in  R&D 
5.15.  A  major  challenge  for  Europe  is  to  increase  the  share  of 
its  economic  resources  that  are  devoted  to  investment  in  R&D, 
which  for  the bulk of  European  nations  is well  below that of  the 
USA  and Japan  <Chapters  II and  III>.  Much  of the efforts must  be 
made  by industry itself,  which has  been  the  leading source of  the 
growth  of  funds  in  non-military  R&D  expenditure  in  the  USA  and 
Japan.  It  i·s  in  industry's  own  interests  to  invest  more  in  R&D 
as  the  source  of  long.er-term  improvements  in competitiveness  and 
profitability.  But  the  growth  in  industry-funding of  R&D  is not 
uniform  across  Europe.  Industry-funding  of  R&D  must  be  focussed 
not  only  "downstream"  on  projects  of  short-term  commercial 
benefit.  Japanese  and  US  industry  is  spending  more  and  more· 
money  on  targetted  basic  research  to  create  the  conditions  for 
longer-term advance.  European  industry must  do  the  same. 
.  ~ 
:  ..  ! 
5. 16.  F'actors  of  importance in encouraging  investment  in  R&D  and. 
innovation include the general  economic  climate,  tax regimes,  and 
<for  innovative  investments)  the  existence  of  developed  venture 
capital  markets  (the  latter  being  of  particular  importance  to· 
nascent  or  small  companies>.  In  Europe  overall  rates  of· 
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industrial  investment  vary  widely;  each  country  has  its  own 
system  of  tax  or  other  incentives  to  support  industrial  R&D; 
while  venture  capital  markets  <which  are developed  iri  the  United 
Kingdom,  and  to  a  lesser extent  in  the  Netherlands  and  Belgium) 
are essentially national markets. 
5.17.  The  Community's  R&D  programmes  on  industrial  technologies 
<ESPRIT,  BRITE  in  particular>  have  already  played  a  role  in 
helping  to  commit  industry-funding  of  R&D  through  cost-sharing 
mechanisms.  A  number  of  initiatives at  European  level  have  also 
been  taken  to  encourage · investment  by  small  and  medium-size 
enterprises.  The  European  Venture Capital Association  <ECVA)  was 
created  in  1983  with  the  support  of  ..  the  Commission.  In 
collaboration  with  ECVA  the  Venture  Consort  project  aimed  at 
promoting  transnational  financing  of  innovation  in  SMEs  was 
launched  in  1985.  The  Commission  has  also  recently  approved  the 
launching  of  an  initiative  for  financial  support  for  the 
establishment  of  "seed  capital"  funds  and  for  a  European  network 
of  such  funds. 
The  barriers  to  transnational  industrial  and  technological 
cooperation  have  already  been  analysed  separately  in  a  separate 
Communication  by the Commission,  which  contains  an  action plan38. 
The  Commission  is  also  exploring  with  the  financial  Community 
·whether  it  would  be  appropriate  to  establish  one  or  several 
investment  companies  specialised  in  this  kind  of  project.  It is 
also exploring with the insurance companies  the most  appropriate 
way  to  insure  the  risks  involved  ·and  thus  to  remove  one  of  the 
main  obstacles  to  investment  in  innovative  projects.  These  two 
initiatives  <Eurotech  Capital  and  Innovation  Insurance 
Facility39)  aim  to  ensure  ·the  industrial.  and  commercial 
application of  the results of  European  R&D  programmes. 
In addition,  the  European  Investment  Bank  has  made  available  loan 
finance  to  SMEs,  with  priority  for  innovative  investment,  using 
its  own  resources  and  those  of  the  New  Community  Instrument 
<NCI>.  Between  1985  and  1987  its  loans  for  investment  in  high 
technology  amounted  to  1 ,.094  million  ECU.  The  proposed· NCI  V 
includes  investments  in  high  technology  as  one  of  the  two 
priority areas. 
The  Commission  is  also  working  towards  improvements  in  the  flow 
of  information  between  potential  financiers  and  the  promoters  of 
projects  who  are  seeking  external  finance,  by. establishing  a 
project data-base. 
38 
39 
COM(88>114  final,  du  28.3.88 
formerly  EUROTECH  INSUR 
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5.18.  Alongside  action  to  improve  the  flow  of  private  funds  to 
industry the ·Co~ission has  operated competition policy in such .a 
way  as  to  balance  the  need  to  increase  the  overall  level  of 
investment  in  industcy  in  R&D  against.  tha.t  of  avoiding 
distorti,ons  ·to  compe.tition.  A  specific  framework  has  been 
established  for  the  handling  of.  · joint  agreements  between 
enterprises  in  R&~ an~ for  state  aid  re~imes  for  R&D  projects. 
As  the  Community  moves  further· towards ·the  completion.  of  the 
Internal  Market,  with  a  consequent  increa~e  in  competition,  on 
the one  hand,  and concentration,  on  the other,  the application of 
competition  policy  to  R&D  and  particularly  to  transfrontier  R&D 
arrangements will become· an  increa.singly important  issue. 
<vi>  The diffusion of  technology 
5.19.  R&D  itself  lies· at  the  centre  of  a  complex  feedback 
process  involving  ·education  <upstream>  ·and  innov~tion  and 
diffusio"n  or · technolog_y  transfer  <downstreanl).  As  well  as 
investing  more  in  R&D_,  industry  also  has  t.o  know  and  understand 
the  new  technolo_gies  coming .on  the mfirket ·and  to  invest directly 
in  them.  An  e~pert ·group  o_f  the  OECD  has  recently  noted  t_hat 
"the  economic;  advantages  of  new  technologies  derive  from  their 
diffu"sion  rather  than  fro~ their refinement  ..  ~  . . .  New  technology 
in itself has  hardly any ·economic _advantages  as  long  as it is .not 
effectively used  and :widely applied.; .• " 4"0 ... The  sl.uggish  growth 
in  Eu;ropean  demand  for .·electronic  goods  <chapter  1. 2 > . is  one 
important  example  of  the  ·  slow  rate  of  · adoption  of  new 
technologies·.  It  should  also  be . said  that  the.  benefits  of 
research to develop those technologies-are also enhanced  the more 
widely  they. are disseminated·,  even  though  this  may  not  always  be 
in  the  immediate  commercial  interest  of  an  industrial  firm  or 
research consortium. 
5.20.  Technology transfer is another area where  the  Japan  is  in 
a  stronger  position  than  Europe.  I~  some  European  countries 
<notably Denmark)  major efforts ·have  bee·n  made  in recent years  to 
encourage  the·  spread  ·of  new  technologies  within.  industry  and 
commerce  through  infor.mation  campaigns _and  specific  financial 
support  systems  ·for  th.e  private ·sector..  But  ..  the  degree  of 
attention varies.  ~oreover,  the public· policy efforts  are·  based 
essentially _·on  the  spread  of· technologies  .within  national 
borders. 
Effective  dissemination  of· the  results  from  the .Community's  own 
research  activities  contributes  to  the  goal  of  improving 
.  l 
40  Sc~ence and  Technology Policy Outlook,  OECD  1988. 
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information  .  This  is  the  purpose  of  the  VALUE  ~rogramme.  But 
the  impact  of  measures  in  this  field  is- directly related  to  the 
volume  of  Community  re·search  activities.  This  is  why 
complementary  ac-tions  such  as· those carried out  under  the  SPRINT 
programme  to create more  favourable conditions  for  innov&tion  and 
technology transfer will  n~ed to _be  reinforced in the future. 
Outside . experts  have  recently  underlined  the  importance  of  a 
vigorous . effort  in ·this direction  and  called  for  a. strengthening 
of. the  SPRINT  activities41,  and  a  new  and  larger  programme  has 
now  been  proposed by.the Commission. 
The  importance  of  stimulating  demand  for  new  technologies  cannot 
be  overstressed.  A  key issue is the availability of  _information 
about  particular  technologies  and  their  expected  returns. 
Organised  "watch"  prograinmes  have  proved  to be  very efficient in 
Japan.  Consideration· needs  to  be.  given· in  E~rope  to· how  to 
improve  this  · information  and  to_  stimulate  the  consumer  <of 
capital· or  consumer  goods>  to -think  about  how  new  technologies 
could help satisfy his  needs. 
The  role  of.  Member  Governments  and  the  Community  in 
standardisation  and  ·  norm.ali.sation  of  technologies  is  also 
impor-tant· in  the  context  of  shaping  the  market  for  ad-option  of 
technoiogies. 
Industry must be encouraged to invest more in R&D, 
and top management  should be more closely involved 
than is often the case.  · 
A  major effort is needed throughout -industry and the 
services to.improve awareness and information about new 
technologies so that the fruits of R&D.  can be widely 
and quickly spread. 
41  Evaluation of  the first BRITE  programme  <1985-88> 
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POLICY  COORDINATION  AND  COHESION  WITHIN  EUROPE 
<vii>  Increasing coordination among  national policies 
5.21.  Chapter  III  underlined  the  importance  of  increased 
coordination  of  national  policies  as  a  means  of  saving  money 
overall,  increasing  the  returns  to  R&D  investment,  encouraging 
the  broadest  use  in the  Community  of  "best practice"  in  research 
management,  and  ultimately  leading  to  greater  complementa~ity in 
national  programmes.  This  is  why  Article  130H  of  the  Single 
European  Act  expresses  a  political commitment  on  the  part of  the 
Community's  Member  States,  in  liaison  with  the  Commiss~ion,  to 
coordinate  among  themselves  their  policies  and  programmes  at 
national  level. 
5.22.  The  first  step  in  better coordination  must  be  to  improve 
mutual  information  and  understanding  about  national  policies. 
Such  information  about  what  others  are  doing  will  in  itself 
contribute  to  future  decisions  on  national  programmes  or. 
policies.  The  second  is  to  identify  fruitful  areas  for  more 
specific  cooperation.  These  can  be  of  a  bilateral  or 
multilateral  nature.  Some  may  be  appropriate  for  Community-wide 
coordination.  There  are  numerous  formulas  pass ible  for 
developing  cooperative activities  (such  as  specific bilateral or 
multilateral  agreements,  joint  agreements  on  national 
participations  in  major  projects  such  as  CERN,  EMBO,  or 
supplementary  programmes  in  a  strictly  Community  framework  as 
provided  for  under Article  130L  of  the  Single  European  Act>.  At 
Community  level  the  formula  of  "concerted  action"  at,  which  has 
proved  highly  successful  in the  fields  of  health  and  environment 
and  which  requires  a  minimal  amount  of  Community  public  funding, 
should be more  widely used. 
(viii>  Improving the cohesion of  the  Community 
5. 23.  The  technology  gap  between  the  less-favoured  regions 
CLFRs>  and  the  more  economically advanced·areas  of  the  Community 
is  greater  even  than  the  economic  gap  <Chapter  III>.  In  most 
LFRs  there  is a  lack of  physical infrastructure  for  research  and 
development;  there  is  a  chronic  shortage  of  skilled  scientific 
personnel;  companies  are  less  oriented  towards  innovation. 
Improving  the RTD  base .is essential to ensure adequate  growth  and 
development  in the  LFRs. 
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5.24.  The  better  coordination  of  national  research 
activities will  certainly have  some  spin-offs  in  regional  terms. 
And  the  Community's  VALUE  programme  will  ensure  the  spread  of 
research  results  throughout  all  the  regions  of  the  Community, 
helping  to  reinforce  the  knowledge  base  in  the  LFRs.  Moreover, 
the  Community's  own  research  programmes  have  already  promoted 
.relations  between  researchers  in  LFRs  and  their  colleagues 
elsewhere,  encouraging  the  "trickling down"  of  best practice  and 
experience.  But  substantial  improvements  in  regional 
competitiveness  cannot  be  tackled  primarily  through  Community 
research  programmes  themselves.  The  main  principle  applying  to 
the  choice  of  research  projects  for  Community  support is that of 
excellence  in  scientific  terms,  and  the  evaluation  of  projects 
and  programmes  is  based  on  purely  scientific  criteria  . 
. Excellence  is  a  goal  which  is  appropriate  for . all  regions  to 
strive  towards.  But  scientific  excellence  will  not  be  achieved 
everywhere without major  improvement  in the  RTD  fabric. 
5. 25.  To  achieve  these  improvements  mechanisms  other  than 
research  programmes  themselves  must  be  used.  At.  a  Community 
level  new  opportunities  are  offered  by  the  reform  of  the 
Community's  3  structural  funds,  whose  budget  will  be  doubled  by 
1993.  Actions  needs  to  be  focussed  on  infrastructure; 
s·timulating  innovative  activities  in  industry;  helping  companies 
·and  institutes  to  prepare  for  participation  in  ·Community 
programmes;  and  technical  assistance  and  evaluation.  The 
Commission is already contemplating one  specific action known  as 
STRIDE42.  This  is  not  a  research  programme  aimed  at  specific 
research  goals.  Nor  is  it  a  blueprint  for  RTD  development 
prepared  centrally.  In  keeping  with  the  philosophy  applying  to 
the  structural  funds  it  is  a  framework  for  the  development  of 
initiatives  to  improve  the  RTD  base  in  LFRs  in  partnership with 
the  regions  themselves.  Other  actions  through  the  other 
structural  funds  may  be  considered. 
5. 26.  It would  be  illusory to believe that the prob.lem of  the 
technology  gap  within  the  Community  can  be  rapidly  and  easily 
bridged.  Infrastructural  development;  training;  the creation of 
an  innovative  capacity,  all  take  time.  But  action  through 
regional  and  social  policy  instruments  will  help  to  shorten  the 
time~scales involved. 
42  Science  and  Technology  for  Regional  Innovation  and 
Development  in  Europe. 
144 Better coordination of national policies wo~ld help to· 
save money and improve the efficiency of·resource use 
throughout  th~ Community.  .  · 
. At -the same time a  particular effort is required to 
imp_rove  the RTD·fabric in t.he  less-favoured·regi:,ons of the 
Community.  Research programm~s in· themselves  CCI.nnot 
provide a  complete ·answer  •  A major action using regional 
and social policy instruments is ·needed. 
THE  EXTERNAL  ASPECTS 
<ix>  Encouraging cooperation in  RTD  with third countries 
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5. 27.  Science  and  technology  are  increasingly  international 
commodities.  At  the  level  of  the  firm  there  has  been  a  rapid 
growth  in recent years of  cooperative ventures  in R&D,  often of  a 
transnational· nature.  Among  universities  and  between  them  and 
industry,  relations·of  a  transnational nature are already common., 
There  is  a  growing  international  market  in  research  scientists.: 
And  national policy-makers  have  recognised the value of access  to 
the  scientific and  technological  resources  of  third countries  as 
a  means  of  providing  the ·new· knowledge  and  expertise  needed· to 
sustain  growth  and  development  _in  their  own ·countries.  In  the 
case  of  Europe .·there. are  particula~ly  intensive· scientific 
exchanges  and . significant  industrial  R&D  coo·peration  with  the 
USA. 
5.28. 
with 
By  committing  the  Community  to  develop  RTD  cooperation 
third  countries  and  interna.tional  organisations,  Aiticle 
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130G  of  the  Single  European  Act  recognises  the  importance  for 
Europe's  own  long-term  future  of  properly  coordinated  action  in 
this  field.  The  recent  recommendations<r3  of  the  OECD  Council 
also  urge  Member  States  in their own  mutual  interests  to  promote 
scientific  and  technological  exchanges.  The  further 
internationalisation  of  RTD  is  therefore  inevitable.  The  issue 
is  how  best  to  organise  inte~national cooperation  in  such  a  way 
that  it  can  be  a  "positive-sum"  game  in  which  all  the 
participants have  something  to gain. 
5.29.  For  the  European  Community  cooperative activities must  be 
focussed  principally  on  three  groups  of  countries,  to  whom 
different  considerations  apply,  namely:  other  countries  within 
Western  Europe,  and  notably  our  EFTA  partners,  the  other 
industrialised  · countries  outside  Europe,  and  the  developing 
countries.  Outside  these  three  groups  separate  reflections  are 
now  needed  on  the basis  for cooperation with the Soviet Union  and 
Eastern  Europe  in  the  light  of  the  new  relationships  now 
developing  across  the  European  continent;  as  well  as  on  policies 
of  RTD  cooperation  with  the  NICs  that  take  into  account,  on  a 
case-by-case  basis,  the  position  and  prospects  for  individual 
countries.  · 
5.30.  As  far  as  the  EFTA  countries  are  concerned,  cooperation 
has  been  running  since  the  establishment  of  COST  in  1971.  COST 
remains  an  important  framework  for  cooperation  on  specific 
projects  "~  la  carte"  with  other  European  countries..  The 
Luxembourg  agreement  of  1984  between  the  Community,  the  Member 
States and  the  EFTA  countries to create a  European  Economic  SPace 
has  led  to  an  intensification  of  relations  in  the  scientific 
field.  Special  bilateral  cooperation  agreements  have  now  been 
concluded between the  Community and  5  of the  EFTA  countries.  The 
sixth  (with  Iceland>  has  recently  been  submitted  to  the  Council 
for  approval.  These  agreements  provide  for  various  forms  of 
access  to  Community  programmes.  Alongside  the  Community 
framework  EUREKA  provides  a  useful basis  for  cooperation  between 
companies· and institutes  from  the  EFTA  countries  <and· Turkey>  and 
those  from  the Community Member  States themselves  .. 
5. 31.  Cooperati..:>n  within  a  strictly ·community  framework  with 
indus.trialised  countries  outside. Europe  is  less  well-developed. 
At  a  commercial  level,  as  noted  above,  a  dense  network  of 
linkages in R&D  between  companies  has  been established across  the 
Atlantic.  Moreover,  the  tradition of  transatlantic migration  of 
43  Recommendations  of  the  OECD  Council . about  a  general 
framework  of  principles  relating  to  international 
scientific and technological cooperation,  21  April 1988. 
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European scientists goes  back  a  long way.  But  these developments 
have  occurred  in  the  absence  of  a  formal  general  framework  for 
cooperation with the  USA.  It might  now  be  appropriate to explore 
the  scope  for  such  a  general  framework,  given  the  wealth  of  US 
resources  and  experience  in  the  scientific  domain  and  the 
opportunities  and  issues  raised by the recent developments  in the 
USA  described  in  Chapter  II.  It  would  also  be  timely  to  take 
advantage  of  the  new  moves  by  Japan  towards  the  international 
science  and  technology  community  in  order  to  examine  seriously 
the  scope  for  mutually  beneficial cooperative ventures  which  are 
unlikely to exacerbate commercial strains. 
5. 32.  For  the  developing  countries  the  situation  is  different 
again.  Their  problems  are,  in  some  respects,  akin  to  those  of 
the  less-favoured  regions  of  Europe,  but their shortages  of  ·RTD 
infrastructure  and  skilled  scientists  and  skilled  manpower  are 
more  severe.  These  limitations  in terms  of  indigenous  resources 
put  a  powerful  brake  on  economic  and  social  development.  In 
addition  many  of  them  face  specific  problems  in  the  fields  of 
agriculture,  medicine  and  health,  and  the  environment  which 
require  a  particular research effort. 
Europe  has  considerable  experience  and  expertise  in  these 
research  fields,  partly as  a  consequence  of  colonial  experience. 
But  the  expertise  is  often  fragmented  among  different  national 
institutes.  Efforts  are  needed  to  coordinate  national  actions. 
Some  of  the  necessary  coordination  is  already  underway  at 
Community  level.  Since  1983  the  Community  has  been  running  with 
the  LDCs  a  programme  of  R&D  directed at the  problems  of  tropical 
medicine  and  agriculture  <"Science  and  Technology  for 
Development").  Separately,  since  1984  it  has  developed  a 
flexible  programme  of  scientific  cooperation  in  Latin  America, 
Asia  and  Mediterranean  countries  aimed  at  the  integration  of 
research  workers  in  these  countries  into  the  international 
scientific  community,  the  improvement  of  indigenous  research 
CapaCitieS  1  and  1  latterly  1  explOring  the  SCOpe  for  teChnOlOgy 
transfer. 
These  programmes  are an  important contribution to the Community's 
-wid~r development policy objectives,  and  in the years  to  come  RTD 
must  play  an  increasingly important  role  in this  context.  Given 
the growing  concern about environmental  issues in the developing 
countries  (soil erosion,  industrial pollutants etc.)  and  the  need 
to  ·optimise  ·the  development  and  exploitation  of  the  natural 
resource  base  and  new  and  renewable  energies,  there is  a  growing 
need  for  a  particular  new  and  coordinated  research  effort  in 
these  fields.  At  the  same  time  the  wider  consequences  for  the 
developing  countries  of  scientific  advances  ~n,  for  example, 
materials  and  biotechnology will need to be  considered  further. 
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<x>  Avoiding  technological  protectionism 
5.33.  The  longer-term  benefits  of  RTD  cooperation  at  an 
international level  can only be  fully achieved if the transfer of 
knowledge  and  technology  is  facilitated  rather than  constrained. 
Historically the scientific world  has  been  an  open world  in which 
results  of  research  are widely published  and  discussed  and  taken 
up  and  elaborated  by  others.  But  the  "industrialisation"  of 
research and  the growing  importance of ·science to trade  flows  has 
increased  the  pressure  to. restrict  the  flow  of  information  in 
order to p·reserve competitive edge. 
5. 34.  This  is  a  major  issue  for  international  . cooperation, 
notably  in  the  Community's  relations  with  other  industrialised 
countries,  which  has  been  addressed  recently  by  the·  OECD  in  its 
CounciJ  Recommendation of April  1988  44.  The  Commission  believes 
that  Europe  and  the  world  economy  as  a  whole  would  be  the  loser 
·from  a  more  protectionist  scientific  and  technological  world. 
LDC~ would  be  even bigger losers.  The Community should therefore 
work  towards  ensuring the diffusion of research results and  away 
from  policies  that  restrict  the  flow  of  information.  The 
necessary  corollary  is  that  progress  should  be  made  in  ensuring 
adequate  regimes  for  the  protection  of  intellectual  and 
industrial  property.  The  Commission  therefor~  vigorously 
endorses  the  OECD  Council  Recommendation  on  the  need  to  work 
towards  this end. 
Science and technology are international commodities,  and 
international cooperation must be a  fundamental  element in 
European RTD  policies.  The Community must further cement 
its relations with the EFTA  countries;  explore new  modes 'of 
cooperation with the other industrial·eountries,  notably 
the USA  and Japan;  and build on its successful cooperation 
with LDCs. 
One  important issue affecting relations with third coun-
tries is the question of technological protectionism and 
potential restrictions on the flow of knowledge.  The 
Community should work towards ensuring the diffusion of 
research results by third countries and  away  from policies 
to restraint the flow of information •. 
44  See  footnote  n·31. 
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Introduction 
The global R&D effort devoted to information and telecommunications technologies in the 
EEC for 1986 is evaluated at 14 billion ECUs, thus one half less than in the United States. 
In Europe, almost all  expenses are financed and carried out by industry,  that devotes  a 
considerable proportion of its tum-over (10.5%) to it.·  · 
Public financing plays a notable but minor role (29% in Europe against 37% in the United 
States).  · 
The R&D effort in information and telecommunications technologies is characterised· in 
Europe by a triple deficiency: 
a very marked scattering of efforts between 12 countries (ranging from 0.3% to 6% of 
the GNP, thus a factor of 1 to 20 of the effort rate); 
a high redundancy mainly for what concerns many national programmes and the critical 
mass insufficiency that can result of this;  · 
a rythm of actual growth that is slower than in the United States ·and Japan.  Despite 
the recent constant increase of the R&D effort in the small countries of the European 
Community (Portugal, Greece, Ireland, the Netherlands), the slow progress of public 
and private budgets in the four countries realising 90% of the total (Federal Republic 
of Germany,  France,  Italy,  United Kingdom)  leads  to  a  global  annual  increase  of 
expenditures (8.4%) that, in the European Community, is still under that realised in the 
United States ( + 10.7%) and in Japan ( + 9.5% ): thus, the gap seems to increase from 
year to year.  · 
The  existence,  since  1984,  of  the  CommunitY's  transnational  cooperative  research 
programmes (representing 3% of the total RDT expenditures in 1986)  obviously  cannot 
alone have an effort proportionate to the importance of the stakes and problems. 
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A.  (IT) Issues in the Context of the Com  etitive Position 
1.  Initial Situation 1980 - 1984 
To gain of the present status and trends within the European IT industry we need 
to review  recent  history.  At the beginning of the  1980s  the situation of the 
European IT industry  attracted  great concern.  The  European  industry was 
characterized by  a  lagging  IT market,  low  market  shares,  low  R&D  and  low 
capital investments. 
An analysis of pedormances of two groups of companies, including respectively 
the largest US and the largest European Information Systems companies, shows 
that from 1980 to 1984<1>: 
- the revenue growth rate of US companies was higher both on the worldwide 
and the European market; 
- the profitability of US companies stayed constantly higher; 
- both capital expenditure and R&D were much higher in US than in  Europe 
and still growing in US at a higher rate than in Europe; 
- the projected growth of the leading US companies would have enhanced their 
dominant  position  in  the  Information  Systems  market,  by  the  end  of the 
decade. 
Moreover,  the balance of trade in  IT products, was  negative,  amounting to  a 
deficit of 10.6 billion US dollars in 1984<2>. 
2.  Actions and Promss (1984-1988) 
Concerted action was  taken by the European companies to try and  rectify the 
position.  These  actions  encouraged  a  new  dynamism  in  the  European  IT 
industry and helped mobilise human, fmancial and technological resources to try 
and  reverse  the  negative  trends.  There  have  been  some  acquisitions  and 
numerous cooperative projects between European companies during the last five 
years.  These have been partly inspired by entrepreneurial opportunities strongly 
stressed and supported by collaborative programmes such as ESPRIT. 
We are now beginning to see the fruits of the combined efforts. 
In strictly quantitative terms, the situation in the Information Systems industry is 
now quite different. 
(*)  All  sources of data are listed in the amex. 
Information  Technologies  (IT)  comprises:  Information  Systems  including  software  and  services, 
Electronic Components,  Industrial Automation  Systems/Computer  Integrated Manufacturing  (CIM). 
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- In the European market,  where  market  shares have  not been affected  by 
changes in exchange rates, the largest European companies have significantly 
increased their market share, bringing it close to 50%, from 33% in 1983<3>. 
.  . 
- In the software and services market, representing more than half of the total 
Information  Systems  market,  the  European  companies  are  holding  a 
favourable  position ·taking  advantage  of the  strong  growth  of the  market 
demandC4>.  · 
- European IT companies are now investing in R&D a proportion of their sales 
very  close to that  of US  companies.  Nevertheless  the speed  of necessary 
increase of R&D cost in the IT field has not yet  slowed down c  5  ~.  · 
- The  strongest  investment  effort  of  European  companies  was  in  capital 
expenditure, which reached in 1987 a level higher than that of US companies, 
although still lower than the level of Japanese companiesCS>. 
3.  Remaining Weak Points 
Although the European Information Processing industry seems on the way  to 
overcome some of its traditional weaknesses, major problems still remain.  These 
include: 
a) 
b) 
c) 
d) 
The Information Processing industry represents in Europe onlr 26 % of the 
Electronic industry, against 33 % in Japan and 41 % in USA  C 6  .  The fastest 
growing  sector  of  the  electronic  industry  (the  Information  Processing_ 
sector) has not yet in Europe a position able to provide an healthy condition 
to the whole electronic industry and  in  particular to  the semiconductors 
industry.  · 
The peneTration of European Information Systems companies on overseas 
markets  is  still  minimal  (15  to  25%  of sales<3>),  while  the  expanding 
European market  is  increasingly  attracting  tough  competitors:  Japanese 
manUfacturers have not yet concentrated  th~  efforts in Europe, but the 
rate of their growth pushes Japanese companies to expand overseas sales. 
The balance of trade has not improved.  On the contra~  in 1986 the trade 
deficit in IT products increased to 13.4 billion US dollars  >. 
The Electronic Components industry has not progressed in Europe at the 
same  rate,  making  the  Information  Systems  industry  and  other  user 
industries even more dependent on foreign suppliers of critical and strategic 
components.  The  dependency  on  foreign  suppliers  for  some  key 
Microelectronics components is as follows: 
- 65 % ·of  the  most  commonly  used  memory  chips  are  produced  by 
Japanese manufacturers.  This share gets close  to  90% for  the most 
advanced  type  of memory<6>.  This  situation  has  already  pushed  US 
manufacturers (both of semiconductor and computers) to join forces to 
establish new production capabilities in the USA; 3 
- 89 % of the production of the most advanced microprocessor chips (32-
bit) is concentrated in three US companies.  The same three companies 
~ccount  for  ·55 %  of  production  of · the  most  commonly  used 
microprocessors (16 bit)<6  •  . 
In  a  strongly  competitive  industrial  environment,  the  European 
Microelectronics industry has the disadvantage of a low demand from  the 
consumer  electronics  industry,  the  locomotive  which  led  Japanese 
semiconductor industry to the present leadership position.  Moreover, the 
Information Systems industry, the second driving force of Microelectronics, 
is much smaller in Europe than in the US. 
e)  The situation is similarly critical in certain types of computer peripherals. 
These  represent  an  ever-increasing  part  of  the  value  of  Information 
Systems. 
- Japanese and South East Asia manufacturers produce 90% of worldwide 
production of tubes (CRTs) for display units, 95 %of  flat panels based on 
liquid Crystal Technology (LCD's) and are expected to get similar shares 
in other emerging flat panel technologies  a>.  . 
US and Japanese manufacturers represent 90% of the world production 
of printers and the European dependence is  even higher for  key parts: 
the core elements for laser printers are a  monopoly of three Japanese 
companies  a>.  .  · 
f)  A further and critical weakness is the lack of trained personnel.  Estimates 
of the requiied number of trained personnel vary widely but it is clear that 
insufficient are being produced.  As an example one recent estimate for the 
requirement of engineers trained in VLSI design was 5,000 per year in one 
recent estimate for  the requirement of engineers trained in  VLSI design 
was  5,000  per year in  one Member State,  namely· Germany<8>.  At the 
moment only about 3,000 per year are entering the workforce in the whole 
of the Community. 
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4.  Chan~lne  Priorities and New Actions · 
The relative  success  in some  areas  of  European  IT serves  to  highlight  the 
remaining problems.  Continued action is required to tackle these as well as to 
consolidate the newly acquired competitive positions.  Further efforts are called 
for by new challenges evolving (such as Japanese entry into European computer 
market or the recent new US initiatives in Microelectronics).  The fact moreover 
that, in  the light  of the recent positive experience  in  collaboration, European 
companies are now ready to progress further on the road of integration of joint 
efforts and to subscribe in some selected areas to unprecedented commitment in 
cooperative R&D  and  to the subsequent downstream production investments, 
creates the need for a revision and an adaptation, and in some cases a substantial 
shift, of the priorities to date and in order to ensure the longer term viability of 
the Community  strategy to strengthen and  consolidate a competitive position 
worldwide of European IT industry and services. 
To this end it is in the first place necessary: 
a)  to provide the economic climate and boundary conditions which  allow  full 
exploitation of the potential demand.  This because the overall success of 
any R&D policy in the IT sector is closely related to the achievements in 
other sectors of Community policy,  in  particular the internal market and 
standardization; 
b)  to pursue further and strengthen on the one hand the current ESPRIT n 
policy  of development  of a  European capability  to  design  and  produce 
application specific Microelectronics  products (integrated circuits) capable 
of fully  exploiting  the  potential  of the  most  advanced  semiconductor 
technologies and, on the other band, to complement this by promoting and 
sustaining the creation in the Community of such leading edge technologies' 
(0.3 micron  CMOS  technology  by  1996)  so  as  to  secure  to  European 
electronics industry strategic independence of supply. 
c)  to secure, in particular, the ready availability of microprocessor technology 
in Europe.  This is why a new initiative is necessary, which aims to develop a 
basis  for  a  family  of  microprocessors  with  standardized  architectures. 
Control of the microprocessor architecture (including the instruction set) 
will enable a hierarchy of standard interfaces to be designed and used for 
software development throughout IT use.:: industries; 
d)  to provide the production capability for key peripherals in Europe. 
e)  to  re-inforce  certain well-identified  topics  such  as  Computer  Integrated 
· Manufacturing; 
1)  to prepare new  actions  promoting in  specific areas  of strategic concern 
training measures, which would  help to overcome crucial bottleneckS on a 
Community scale  .. 
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B.  THE  PERSPECIJYE  OF. ERMERGINQ  TECHNOLOGIES  IN  I.T.  AND  THE 
NEED FOR REINFORCED BASIC RESEARCH 
1.  Back&round and rationale 
The second half of this century is replete with examples of research ideas which, although 
conceived without even thought to applications, led to technological developments with 
major industrial and social impact. 
Entire theoretical subjects studied and developed by philosophers and mathematicians are 
now providing essential tools for Information Technologies (IT) as well as all engineering 
areas that rely on the capability for rapid and massive. computing and automated logical 
inference.  · 
As a result there is a growing consensus that supporting basic fundamental research in IT is 
a  solid  investment whose payback,  even if it does not come in  the form of short term 
industrial applications, is rich. 
In Europe, partly in contrast with  the situation in  the United States,  IT related basic 
research is  mostly  carried out at universities  and research institutes as most  industrial 
laboratories are constrained to devote their efforts to the development of short to medium 
term applications. 
In addition,  it is the basic  research environment in  these institutions that provides the 
nursing ground for highly trained manpower, the demand for which is  increasing much 
faster than the capability to supply it.  · 
2.  Issues of stratecic siifiificance for future informations technolo2Y development 
They relate to:  computer science, programming language, advanced robotics, machine 
learning, cognitive engineering optical and molecular computing. 
a)  A well recognized and broad long-term research goal in Computer Science addresses 
the predictable reliability, safety, security, integrity and correctness of complex, large-
scale distributed systems.  To work towards this goal,  research is needed on formal 
specifications, testing and verification, fault tolerance, system architectures and on how 
to relax  on the simplified abstractions of the real world underlying current systems 
design.  It is  intended that the ESPRIT basic research actions will enable a serious 
coordinated effort that will bring together European expertise in this area. 
b)  The  design  and.·  specification  of  a  concurrent  programming  language,  the 
implementation of a provably correct compiler for that language and the specification 
and implementation of a provably correct operating system w9uld provide the basis for 
a  hardware computer, all of whose  components have  been verified  through formal 
methods.  To achieve this, expertise must be drawn together from areas ranging from 
automated  theorem  proving  to  VI.SI  design  methods,  including· proof verification 
systems,  compiler  and  operating  system  design  and  concurrent  programming 
methodology.  Available, but distributed throughout Europe, this expertise could be 
brought together to challenge recent advances in this area that have taken place mostly 
in the United States.  · 6 
c)  Many basic problems still have to be solved before a real autonomous mobile robot can 
be created.  Corresponding to the components of such a robot, work is needed in basic 
research areas like planning of robot actions, autonomous navigation, design of world 
models, multisensor fusion, knowledge representation languages, design of hierarchical 
expert systems, distributed planning and machine learning. 
d)  In machine leamini new logical tools are being sought in the direction of combining 
deductive approaches to learning with inductive ones into what is  increasingly called 
concept learning.  This requires extensive work in inductive building of decision trees, 
techniques into knowledge acquisition systems.  Combining data base management and 
knowledge  based  techniques  is  also  an  area  expected  to  attract  ever  increasing 
attention. 
e)  The emerging cognitive enW>eerine approach to the design  and analysis of complex 
systems  develops  models  of  human-computer-work  interaction  in  real-life 
environments, models possible systems and their limitations as well as the work domain 
and its actors.  It is a top-down, problem driven approach requiring basic research on 
the representation of complex work domains, cognitive control of work, error tolerance, 
representation of intentions and values and cooperative, distributed decision making. 
f)  Optical and molecular computini are areas where much fundamental research has to 
be carried out if  the promises of the so called 6th generation computing systems are to 
be met.  From the same viewpoint, recent superconductivity developments open the 
way for work on interchip (thick film) and on-chip (thin film) interconnections, sensors, 
shielding and new devices.  An eventual deeper understanding of the phenomenon itself 
could provide even hitherto unsuspected information technology advances. {1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
7 
Sources of Data 
Booz, Allen and Hamilton study on "Trends and Objectives of the IT Sector in 
the Medium- and Long-Term" {Study carried out for the CEC in 1985). 
EIC - Electroillcs International Cooperation, "Velectronique dans le monde" -
1987 
Datamation - The Analysis is based on the Information Systems revenue of the 
Top 25 suppliers. 
IDC - Eurocast - Software. and services - 1988 
Company  reports  - Companies  in the group  of the Top 25  for  Information 
Systems revenue have been considered. 
Dataquest - 1988 
Consultronique - Study on "Opportunities for European Suppliers of Computer 
Peripheral Equipment" (Study carried out for the CEC in 1988) 
Markt & Technik, June 1985 
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A.  Telecommunications technolof:.Y 
1.  Initial situation 
In comparison with the informatics sector, Europe has been sustaining a good position in 
telecommunications.  This is due to the good technological capabilities in this field and to 
the close  links  established  between  telecommunications  operators and  industry,  which 
contributed to secure very substantial market shares to european companies. 
The Community balance of trade in telecommunications has therefore always been positive 
so far. 
2.  Changes occured durin~ the last years 
a)  Since 1984 
European telecommunications industry and operators are confronted with: 
a changing regulatory environment world-wide, which will lead to increased competition 
in the provision of equipment and services, 
technological challenges with  the evolution towards digitalization of networks,  ISDN 
and broadband networks and services (present european weakness in components is 
also a major challenge in this context), 
growing demand of keeping up the pace in terms of R and D effort and in investment, 
which require increased market base and better use of economies of scale, especially in 
public telephony. 
The approach defined at Community level has allowed  to establish consensus between 
telecommunications operators and industry on common concepts of evolution of network, 
including the establishment of a common strategic framework to develop concertation and 
technology for me networks, services and terminals. 
In this context, Europe must: 
improve its overall capabilities in generic IT technologies (esp. components, software) 
which play an increasing role in telecommunications because of the convergence of 
technologies.  The rising trade deficit in telecommunications with Japan and the United 
States against an overall commercial surplus is a clear evidence of this threat. 
address the issues of  systems research and engineering of integrated services. 
b)  Since the launchin& of RACE 
Since telecommunications operators, industry and users of the Community and the EFTA 
countries joined forces  to address the development of an advanced telecommunications 
systems in Europe in the framework of RACE important developments have taken place: 
1.  The implementation of the RACE Definition Phase has proved the advantages and 
necessity of collaborating on a european scale in defming and developing specifications 
and common technological elements. 
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2.  Japan and the US/Canada have completed their broadband overlay network unlocking 
the  economic  and  competitive  potential  of  advanced  communications  services .. 
Broadband links to the customer (  45  Mbit DS3) experience in the US a growth rate of 
100% per annum.  The FCC expects broadband links to go into the US homes within 
the next 3 years and an explosive growth of telecommunications services.  Europe will 
consequently have to speed up and intensify its efforts. 
· 3.  The global optical network is rapidly advancing from  the US via the pacific and the 
atlantic multiplying the transmission capacities linking different regions of the world 
economy. 
4.  The  internationalisation  of economic  and  social  activities  feeds  a  trend  towards 
international service provision with strong economies of scale.  For Europe this implies 
the need for the sector actors (operators, industry, service providers) to address their 
respective responsibilities in a consistent and agreed framework. 
The interest and commitment by  operators, telecommunications equipment industry and 
telecommunications users to the objectives of RACE has correspondingly increased. 
3.  New needs to address 
In the light of the developments, the appreciation of the needs has evolved reflected in 
a)  an increased conviction that the market will demand advanced communications in the 
mid-1990s  implying  that the  target  date  for  Europe. -wide  introduction  of integrated 
broadband services  of 1995  may  need to be moved  forward  to  coincide with the 1992 
objective ofthe completion of the internal market.  · 
b)  a growing interest to reinforce the work on HDTV with respect to its distribution inter 
alia via cable networks to exploit the achievements of the EUREKA HDTV work; 
c)  the recognition  of the need to address  the  mid- to long-term  implications  for  the 
telecommunications  system  in  all  its  parts of the rapidly  growing  demand  for  mobile 
communications; 
d)  the  necessity  to  extend  the  collaboration  of operators  and  industry  with  service 
providers and users in application pilots to accelerate the emergence of economically viable 
services optimally adapted to the needs of the user.· 
4.  New priorities for action · 
The specific adjustments and re-inforcements to be carried out relate to: 
me DEVELOPMENT AND IMPLEMENTATION STRATEGIES 
It will be necessary to revise the common functional specifications prepared by the RACE 
programme in the light of the verification and integration work carried out.  Furthermore 
the new Part II technological activities will generate on one hand output for Part I and on 
the other hand the Part II activities will need guidance from Part I. 10 
me TECHNOLOGY 
Long Term Technological Issues 
In  the  light  of technological  trends  and  the  evolutionof the  appreciation  of demand 
characteristics the following technological issues need increased attention:. 
•  optical switching:  technology and system integration 
•  coherent multichannel technique, progress towards  integration into customer access 
connection and possibly integration with optical switching. 
•  specification and implementation of a signalling system for broadband networks 
•  consideration of special topologies  for  the customer  access  networks,  interfaces  to 
public networks, protocols, common functional specifications, interconnection of Customer 
Premises Networks 
•  broadband mobile technology, technology, integration into the terrestrial network and 
implications on the terrestrial network 
•  High  Deftnition  Television  (HD1V). coding  for  HD1V,  structure  of distribution 
networks, distribution switching for HD1V signals 
•  network management and impact of advanced information processing technologies on 
network management. 
PRE-NOMATIVE FUNCTIONAL INTEGRATION 
Integration and Verification 
Further  systematic . efforts  are  necessary  and  could  beneftt  from  collaboration  on  a 
European scale: 
· •  integration of subsystems into systems where necessary to enable verification at system 
level 
•  verification of common functional specifications via  integration of systems  (network 
termination, customer access connection and local exchange) into a network testbed to 
enable verification at network level 
•  verification  of common  functional  specifications  on  the  broadband  user  network 
. interface by  integration of terminals and Customer Premises Networks  (CPN)  into 
network testbeds 
•  evolution from demonstrators and verification testbeds to a broader trial network and 
service testbed by exploiting the synergy among national testbeds. 
Application Pilots 
•  enhancement of application pilots in such a way that they can use the future broadband 
facilities. 
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*  improvement of usability of application pilot~. 
*  pilot implementations of service elements. 
B..  Application technology 
I.  Rationale for Community action · 
When the framework programme was being prepared, it had been clearly perceived that in 
the field of generic technologies ~nd common infrastructures as it is led in the framework 
of programmes such as ESPRIT and RACE, must necessarily be accompanied by a parallel 
effort of development of applications that offer a  considerable potential of creation of 
activities, services and thus of new employment. 
The objective  is  to  prepare,  in  due  time,  the  conditions  favourable  to  the  intensive 
exploitation of large basic technologies that are being perfected, by adapting them to the 
needs  and  specific  constraints  of the  different  categories  of  users  (business,  public 
administrations, social services,  individuals)  and thus implement,  at  Community  leve~ a 
market  of equipment  and  services  that  will  bear  the  European  industry,  favour  its 
international competitiveness and allow a response to the social and economic needs. 
On the basis of initial studies,  the Commission had  identified  the following  as  bearing 
application sectors: 
education and training (mainly for professional training), 
transport, . 
mediCal science and health. 
The very large consultations to which the Commission has proceeded sinee 1987 with the 
different  groups  of  actors  involved  (  dataprocessing  and  telecommunications  industry, 
.  publishing industry, transport, health equipment, etc., scientific sectors, public authorities, 
user groups,  telecommunication networks operators, standardisation organisations) have 
largely  confirmed  the socio-economic  relevance  of the  sectors  of priority  application 
identified beforehand. 
The three specific programmes- DRIVE, AIM, DELTA issued from this phase of strategic 
concertation - are concerned with the applications of information, telecommunications and 
audio-visual  technologies  in  the  fields  of general  intere5ts  services,  management  and 
security of road traffic, bio-medical dataprocessing and remote multimedia teaching. 
These three fields present a certain number of common characteristics that justify a joint 
action at Community level: 
their economic and social importance is considerable in the Community and their costs 
weigh heavily on the collectivity and in particular on public finance.  This charge can 
only be stabilised or reduced by  a better cost/performance relation  of the services 
offered; 
they very largely  depend  on the responsibility  of the public authorities, who  either 
define the regulations or manage an essential part of the infrastructures that form the 
basis of the serviceS offeted to the population; 
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lastly,  in  these  sectors,  the  users'  needs  are  developing  rapidly  throughout  the 
Community. 
In the case of training,  the European  active population  is  faced  with  the necessity  of 
constantly  adapting  its  level  of knowledge  and  experience  to  the  rapidly  changing 
techniques and professions.  Now, the traditional structures of knowledge transmission lack 
of adaptation to the necessities of the re-training and re-adaptation of knowledge. 
·In the field of transport, the number of bodily accidents on the road, the waste of energy 
and  atmospheric  pollution  that  entail  traffic  problems  demonstrate  that  the  classic 
techniques of traffic management have reachd the limits of their possibilities. 
In the field of health, alt~ough the progress in medical sciences has been very rapid during 
these past decades,  a  considerable effort  remains to be accomplished  to take the best 
advantage of them by  further adapting the capacity of diagnosis  and  treatment .to  the 
specific needs of the patients and doctors. 
Facing this lack of balance between the demand for  services more adapted to the new 
needs and the present supply that does not allow to take them into account in a satisfactory 
way  anymore,  the  new  information,  telecommunications  arid  audio-visual  technologies 
represent a major opportunity for the future. 
The new technological supports that permit a multimedia and remote apprenticeship will 
allow everyone to study at a chosen time, desired rythm and in a place that suits one most 
(home,  work,  school).  The concept  of "teleteaching"  has  become  a  crucial  factor  of 
progress. 
The information technologies are now a determinant factor bringing together patient and 
medical science.  They allow the conception of a "telemedicine" that abolishes constraints 
due to distance, of "integrated" hospitals in which all equipment will function as a network, 
of health care adapted directly to the individual patient. 
In the field of transport, they allow the conception of solutions adapted in a better way to 
the  needs  and  the  behaviour  of  the  vehicle  drivers,  by  putting  at  their  disposal 
computerised  tools  and  more  flexible  and  safer  information  and  communication 
infrastructures. 
The range of technologies to be used and integrated to this effect is very large:  personal 
computer, optical disk, microprocessor cards, new techniques of medical and educational 
imagery, computer languages similar to natural language, expert systems, mobile telephony, 
ISDN, broadband integrated network, HDTV, direct transmission by satellite, etc  ... 
The  problem  now  is  to  combine  and  integrate  to  a  maximum  the  large  range  of 
technologies already available or in course of development, and thus optimise their gobal 
performance  on  a  technological,  economic  and  social  point  of  view  and  avoid,  by 
cooperative and concerted actions with all the actors concerned at the European level, the 
risks  caused  by  the  present  proliferation  of independent  systems  that  would  all  be 
conceived in relation to a paticular, often exclusively national, point of view. 
2.  Al!plication of information technoloGY and telecommunications in health care 
Member States spend a substantial proportion of their GNP on Health Care.  In spite of 
determined efforts to limit further increase, costs are still escalating (cf. separate annex on 
health research). 
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Specific  application  of information  technology  and  new  means  of communication  can 
provide increased health care •  · 
The reasons for this approach can be summarised as follows: 
*  The efficiency of health care may improve by linking all parties involved in diagnosing 
or treating one patient or the same group of  patients. 
*  The goal  of equal  access  will  be a  realistic  one when  the centralized  expertise  is 
disseminated to where the patient is. 
*  Managerial  and  financial  aspects  of  health  care  will  become  transparent  and 
comparable if  modem informatics is applied. 
* ·  Industry will  benefit  from  a  more  harmonious  health  care  market  than  the  very 
fragmented sector we know today. 
Since introducing the AIM action in the Framework Programme, the rationale for it has 
strengthened by 
mounting interest of sector actors, in particular, national administrations of health care, 
industry and research,  · 
growing awareness that there is a good case for extending the cooperation beyond the 
scale of the Exploratory Phase.  · 
Areas to be strengthened are: 
a)  specific diagnostic technologies such as for example imaging needs studies bOth on 
software and hardware specifications.  · 
b)  agreed terminology and medical records.  In medical health care there is a huge 
variety of data.  · 
• 
c)  A  European  strategy for  a  coherent  IT &  T  structure  in  health  care.  The 
structural implications,  ~nd opportunities,  of the new  technologies  need to  be 
studied  and  acted  on.  · Modem  telecommunications  can  cut  across  existing 
structures, and revolutionize this professionals, hospitals, home care etc. need not 
continue.  · 
Further. efforts in Europe should address the following key subjects: 
Agreed terminology and record handling, 
Knowledge based medical systems and instrumentation. 
Establishment of network databases and computing facilities to link generalized as well 
as more specialized workstations e.g. in oncology, epidemiology and research. 
Integration of knowledge based systems into health care. 
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Development of biosensors for monitoring and controlling various body functions (a 
field  where Europe may  still  take a  lead).  A  positive outcome would  be of great 
importance for  many categories of patients such  as  diabetics,  patients with cardiac 
diseases, neurological disorders etc. 
Investigation of IT & T application to patients with sensory and motor handicaps, which 
would help these disabled persons to lead a more normal life. 
Besides, there will be a continued need for addressing the non-technological issues, such as: 
Legal issues in connection with safe data handling 
Legal issues with respect to protection of privacy 
Training of personnel 
Ethical problems and patient acceptability. 
3.  $plication  of information  technolo~ and  telecommunications  in  education  a.nd 
training 
European  governments  and  undertakings  have  become  increasingly  aware  of  the 
competitive and social value of training and of a skilled, educated workforce.  Recent and 
foreseeable progress in information technology, telecommunications and broadcasting open 
up new possibilities of reaching a wider audience cost-effectively.  · 
IT & T technology is a suitable tool to address this need because: 
1.  Education is essential for everyone, but there are finite teaching resources. 
2.  Currently,  up  to  600  hours  are needed  to  produce  one  hour of good  educational 
material.  This can be reduced to cost effective levels. 
3.  It is  one of the largest markets for good, integrated services that merge technology, 
content and processes. 
4. ·  By the year 2000, 18% of the population will be in education, training or retraining at 
anytime. 
5.  Industry is becoming acutely aware of the need to maintain its skills base. 
It will  be essential for Europe to use all appropriate means to creaie an informed and 
educated workforce.  This is  the single most vital asset of an advanced service oriented· 
group of nations. 
This  was  the  basis  for  the  adoption  of the  DELTA  Exploratory  Action,  which  was 
confirmed by the experience gained since then in COMETT an<! DELTA.  ·  ·  · · 
Since the definition of the Framework Programme the case for collaboration at a European 
scale has further strengthened: 
1.  In the USA, government expenditure ·on  projects like DELTA are estimated at well 
over 400 M US dollar per year. 
167 15 
2.  An estimated USA market (1987)  of 29  Billion  US  dollar attracts other competitor 
nations. 
3.  These developments are now being aggressively exploited. 
4.  They are potentially very significant, in an industry starved of good global solutions to 
become de-facto world standards. 
5.  .  Even  small  countries  have  used  distance· teaching  using  technology  to  overcome 
regional, cultural and geographical barriers. 
In this context the specific Europeari situation should be taken into account:  . 
1.  Europe is behind in terms of pilot testing and experimentation, 
2.  Nevertheless, it has a high level of education and training development activity, albeit 
fragmented, 
3.  There is a potentially potent source of high skill and expertise in learning technology, 
that works well, but is often sub-critical  · 
4.  There  is  a  goodwill  for  education  not  to  be  unduely  restrained  by  tariff  or 
administrative barriers. 
5.  The climate for innovators in this domain has never been better due to the volume of 
successful results from European collaboration such as ESPRIT and RACE. 
There is a growing consensus in Europe to develop: 
solutions that allow for more cost-effective creation of high quality learning material, 
experimentation,  prototyping  and  harmonisation  of  all  aspects  of liT  &B-based 
learning systems. 
4.  A!wlication of information technolo&Y and telecommunications in transport 
Road Traffic Administrations, Industry and Road Transport Useis in the Community and 
in EFfA countries, becoming aware of the increasing problems on the European road 
network,  have  decided to join forces  in  the framework  of the  DRIVE programme  to 
address  the  development  of  advanced  systems  using  Information  Technology, 
Telecommunications and Broadcasting which could help to improve the use of the existing 
network, in increasing their capacity and at the same time, reducing technical or human 
errors. 
The rapid adoption of DRIVE took place against the background of: 
transport representing more than 6% of  GNP; 
more than 10% of family budget being devoted to transport;. 
car ownership in Europe representing 60% of the level in US, whilst congestion and 
poor routing costs an estimated 150  billion ECUs per year,  and road accidents kill 
55,000 people and injure  1~7 million annually in Europe, with a  financial cost of an 
estimated 50 billion ECUs; 
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progress in information technology, telecommunications and broadcasting offering new 
and effective solutions. 
· DRIVE has been prepared with the active participation of  all public bodies concerned from 
all Member States, with the motor industry and the ITI&B industry.  A full consultation 
with more than 60  organisations, has taken place,  representing all interests (Industry  + 
Users). 
Since the DRIVE Programme has been taken up in the US and Japan in recognition of the 
competitive impact  of road  transport informatics  which  are likely  to  result  in  speedy 
progress.  It seems very likely that imported solutions emerging from these initiatives will 
not be optimal for the European situation; 
European car manufacturers have committed themselves  to the continuation of the 
work  in  the  framework  of  Prometheus  (EUREKA  Project  of  European 
automobilemanufacturers  ); 
interest in traffic and transport manangement has increased; 
3000 organisations, industries and Research Institutes from the Community and EFTA 
countries have expressed interest in DRIVE; 
new important R&D of pre-competitive and pre-normative kind have been identified 
by sector actors. 
Future research needs include, notably: 
a.  Development of appropriate verification tools, which will facilitate the introduction of 
new equipment on vehicles or to infrastructure. 
b.  Longer term technological solutions, which will  substantially increase the capacity of 
the road-transport network, impr9ving safety at the same time. 
c.  Investigation in  depth of the proposed systems, particularly those relating to  public 
Transport, goods transport and vulnerable Road Users. 
d.  Concepts for  the use of mobile communication as  infrastructure for  road transport 
information and guidance services. 
e.  The necessity to extend the collaboration of operators, industry and users in application 
pilots taking into account regional differences. 
f.  Development  of proposals  for  integrated  specifications  for  all  major  sub-systems 
building inter alia on the results of  ESPRIT and RACE. 
More specifically, tills means: 
Development  of  a  $)'Stems  a1mroach,  which  will  consider  the  total  transport 
environment in  Europe and will  include land  use  and  general economic  issues  and 
specific regional requirements. 
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Further development of transportation models to include elements of total transport 
pedormance  and  the  specifications  of  advanced  systems  offering  ·longer  term 
technological solution; as well as development of a technoeconomic tool for evaluating 
the consequences of producing different components of Road Transport Informatics 
(e.g.  showing  the way  they  are channeled  through  different  economic  sectors  and 
through  different  markets).  This  would  be  of  use  to  other  R&D  programmes 
concerned with techno-economic evaluation. 
Investigation  and  development  of lon&er  term technolop solutions.  particularly 
relating to increasing capacity of traffic lanes; technologies for Public Transport and 
Goods Transport Intermodal Information  Systems;  and advanced  systems  for  rural 
Road Transport. 
Inte!nlion of Traffic  maoa~ment and Transport  Mana~ement systems,  with  the 
inclusion of all value added services. 
The syneru of similar techqolo&ical solutions for all tranmort modes. addressing the 
issues of navigation,  information, management.  In addition exploitation of merging 
work of ESPRIT and RACE for maximisation of synergy with these actions  . 
. In the road safety context: 
advanced anti-collision  devices in complex situations "using longer term technological 
solutions; 
advanced man machine interfaces using longer term technological solutions; 
advanced co-pilot systems including corresponding servo mechanisms; 
improved sensors including in car biochip devices. 
To prepae the way for implementation: 
Development  of  test  beds  for  Integrated  Road  Transport  Management  Systems, 
including  the  interfaces  with  other  modes  for  passenger  and  good  transport; 
. development of test beds for Advanced Road Safety Systems for urban and interurban 
Road  Transport;  and  development  of  the  verification  procedures  for  licencing 
Advanced RTI Systems. 
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INDUSTRIAL  TEOINOI.OGIES  AND  MATERIAlS 
.  1.  MrUN  ISSUES  FOR  INDUSTRIAL  R&D  AND  MARKET  PERFORMANCE 
-·  . 
1.1  The Market 
Manufacturing industry, as the pr:imarY  custaner for industrial 
~hnologies and materials, is an  established a.OO  essential part of the 
Cq:crmmity' s  econany and .will .rEmain  so for the foreseeable future  •. It 
provides around 1050 l;>illion EX::U  (1985)  or 30%  of em>  and accounts for 75% 
qf the j,ndustrial w:>rk  force of sooe .. 41 million people.  There is a 
strongly positive bal-ance of trade in ~ufactured goods  (export/i.rrport 
ratio of 1,15 in 1987-Table 2.1).  This is underpinned by sectors which 
~ve  devoted considerable resources to maintaining their CCJrg?etitive edge 
and  is particularly so in the manufacture of m::>tor  cars, chemicals,  power 
cables and mst:rurtentatic;m.  Nevertheless,  sene structural weaknesses. 
persist and in particul~ the capacity •  to respond to growing demand  in 
.  . 
nore developed ~kets.  The.  cqnsi~able.  changes that have  taken place in 
the relative size of w:>rld  O\l~t across a  range of manufacturing sectors 
~-shown in figure 2.1.  CCJtparing t;he  perfonnance of selected sectors in 
. ~'  us  and  ~apan,  (see page5 Al-A6)  reveals large relative novernents 
in output grcwt:h and  thus the considerable pressure an European 
I'l)anufacturers in a  dyncunic market. 
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HaNever,  in recent years there has been a  marked reaction by European 
manufacturing industry to the pressures of ever widening and rrore 
canpetitive markets.  This is visible in teimS of the .i.mproved  performance 
within the leading carpanies in many  sectors.  Maintaining market share 
means  providing a  better service than carp:!titors.  Increasingly,  the 
requiranent relates to the ability to StJR)ly,  when  required,  small batches 
of high quality goods.  The necessary flexibility requires major changes 
in the manufacturing strategy of nost carpanies.  Darolition of the 
barriers beb.'een the functions of marketing, design,  purchasing or 
manufacturing,  and after sales, within and between ocnpani.es, will 
facilitate the identification qf the technologies which are needed to 
improve perfonnance. 
1.  2  Technology in Ccnpany Strategy 
Different approaches to Industrial R&D  strategy,  such as focussing on 
product innovation or reduCing manufacturing costs, must be applied 
singularly or in canbination ·to sectors with a  fast grcwing demand  (such 
as instruments and chemicals)  or those whose demand  is stagnant  (such as 
clothing,  textiles, notor vehicles and  food) •  The  camon ele.nent is that 
the perfonnance of the European industries and those of the nost developed 
industrial countries will be less concentrated an maintaining or 
increasing market share of the total market.  Instead they will seek to 
capture the top end of the market by new or inproved products often with a 
higher technology content in the product itself or in its means of 
manufacture. 
The size of the so called 'top end'  of the market will, to a  large extent, 
depend an· the technologies used  and heM they extend the efficiency to the 
custarer'  s  needs.  The. potential for increasing productivity and 
flexibility is greater in nature industries,  as is ·the incentive to arploy · 
new  technology.  One  indication of this trend tcwards the develq:ment of 
prcducts having a  higher added value is the DDVanent  towards materials 
having a  greater 'expertise'  content per unit weight,  see figure 2.2. 
Already this 'dana.  turing'  process is evident in established sectors, as 
dem::mstrated by the foll<Ming exanples: 
In the notor car industry, responsilile for about 10\ of industrial 
value added and enployment,  productivity increased by m:>re  than 30% 
between 1980  and 1987.  After making losses in the early 1980s the 
imustry becane profitable in 1986 with profits estimated at 7 
billion EOJ for 1987.  For this inpi'OV'etent against strong external 
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.  .  . . pressure,  a  major contribution cane fran .innovation in the 
organisation of prodUction,  heavily sllppertoo by technology. 
As  a  highly autanated prOcess i..ndustry, · European pcMeE  cable 
manufacturers supply 39%  of the world· proouction.  To defend  i~:self · · 
against izrp:>rt substitution policies in developing cOuntries R&D .is 
recognised as a  means  of maintaining. techJrical leadership in areas 
such as insulation and-fine proteCtion.· 
The clothing industry, atploying over one million people, has 
inproved its exp::>rt/ inp::>rt ratio fran 0.  45  to 0.  68  since 1980. · 
Overall inports into the CCritmmity ·  anounted ·to 9.  6%  of consurrption in 
1986  although for same' items the fi~e  ~as as high. as 76%. 
Technology is recognised as offering a  major opportunity although 
there are sare very difficult pp:.:blems  to solve. 
The associated textile machinery sector man~actures 55%  of world 
productions and exports  70%  of output.  Although recent cartoorcial 
trends are not enootiraqing there is optimism that the nore integrated 
manufacturing precesses .n<:M  required by users and which exploit 
advanced technologies w111  iequ~.  t:he  relative inportance of market 
costs and so shift demand. for teXtile proouction back to ·the 
Camunity.  ·  CUrrent textile manufacturing process techilolegie:=;  suCh 
as weaving achieve extended effectiveness through advanced technology 
additions  (see figure 2•3  and  .. page A7) 
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The machine tool industry has had a  mixed perfonnance with sare 
canpanies being slow in noving to the technologies of numerically 
. ca1trolled tools.  However  sare CCirpanies  have been particularly 
successful in maintaining their position in world markets through 
technology leadership. 
The glass and wood  industries have annual outputs of 16  and  19 
billion EOJ  respectively.  Though very different in nature,  l:x:>th 
ca1tracted in the early 1980s.  TechnOlogy  innovations are allowing 
these sectors to benefit fran their inherent envirormental 
advantages. 
Last but not least the chemical industry has an annual turnover of 
same  230 billion ECU  (1987)  with an export/import ratio of 1,27. 
With the opening of markets the sector has derocmstrated its 
technical strength in products and their production against growmg 
international canpetition. 
1.  3  Barriers to progress 
As enterprises becc:rre nore dependent on expensive machinery,  improvements 
are needed .concerning the reliability and predictability of machine 
behaviour.  Reoogni.sing the characteristics of Ccmnunity industry 
cau;isting of few large and· many  nedium sized and small enterprises,  there 
is a  particular need to reduce the carplexity and cost of new  prcrluction 
technologies and systems. 
Exploiting new technology in products is essential whether directly, as in 
the use of new materials, or indirectly through inproved design, 
reliability, servicing or marketing.  Here the Ccmnunity industry has 
generally been less successful than its carpetitors, particularly fran the 
Far East.  The Carmunity now  lags behirx:l  in the engineering aspects -
perfonnance and methods of cnuponent manufacture and new materials. 
Failure to exploit new materials to inprove prcrluct perfonnance, 
durability and reliability bars the C<mmmity fran cc:Jli?eting in rapidly 
expanding and  traditional markets. 
The challenge of the single integrated market highlights the growing 
requirement for unifonn standards at a  European  level, which are the basis 
far effective ccmnuni.cation between interested parties· within industry and 
between industry and regulatory bodies.  Results already energing fran 
European level progranmes including OCR,  :OCSC  Steel Research and  COST 
suggest that research involving partners fran several MeriDer States can be 
a  valuable step towards hamonisation of industri'al practice.  1  7  7 5. 
Pre-carpetitive R&D  - applied research not leading directly to 
ccmnercially exploitable results - is an essential enabling inst.rument for 
carpetitiveness bUt may  be too wide in application, of too long a  time 
scale, or tOo risky to make it acceptable for funding by single carpanies, 
particularly SMEs.  It is here that existing resources in Europe can be 
further exploited, building on the grc:Ming  awareness of the benefits of 
collaborative activity.  At the European level,  R&D  progranmes have helped 
to reinforce this enoouraging trend in bringing together the carplerrentary 
expertise of those in industry and research organisations to specify, 
manage  and  inplerrent the work required to umerpin the carpetitiveness of 
European manufacturers. 
Within Europe Irost .  R&D  relating to industrial technologies and materials 
is believed to take place in industry.  However,  the available statistical 
infonnation is generally too broad in coverage to provide an accurate 
picture of the true situation.  It is estimated that spending by 
governments on industrial production and  technology is sate 3,  7 billion 
EDJ.  In carparison,  the Ccmm.lnity's indlistrial research and  developrent 
prograrmes such as BRITE/EURAM,  Raw Materials and Recycling,  and the OCSC 
Steel Research will ccmnit only a  relatively small percentage of this sum 
each year.  Though within these prograrmes Camrunity support will vary 
between a  high level of overall R&D  funding in a  low research intensity 
sector such as. clothing to a  low level in a  nore research intensive sector 
such as chemicals.  The figures on pages A8-Al0,  though incanplete, 
irxiicate the trends across Europe,  US  and Japan in overall R&D  expenditure 
in a  number of sectors: 
In the case of chemicals, it is particularly noticeable that the 
Japanese,  starting fran a  nuch smaller base,  are catching up with 
Europe through .  a  higher rate of growth in R&D  expenditure. 
The figures for notor'vehicles suggest that after major efforts in 
the seventies, world manufacturers may  have slowed down  the increase 
in R&D  expenditure, particularly in the case of US  but also in Europe 
relative to Japan. 
The textile and clothing industry conducts very little R&D  but it is 
worrying to see that Europe appears to have been decreasing 
~iture  relative to Japan am  us. 
In. the area of rubber and plastics, Europe appears to be maintaining 
its position against US  and  Japan. 
The  position in machinery R&D  expenditure,  although increasing, is a 
cause  for  concern  with  Europe  falling  steadily  behind  both  US  and 
Japan.  178 6. 
Although Europe clearly has a  substantial activity, it tends to be behind 
the US  in absolute R&D  expenditure and also falls below Japan in the rate 
of growth particularly between 1980 and  1983.  The figures confinn the 
concern expressed elsewhere over the trends in total volume of research 
expenditure. 
2.  THE  CHALLENGE  Fin-1 OOI'SIDE  EUOOPE 
OUtside Ew:ope it is, for the tine being,  the US  and Japan which daninate 
the R&D  scene in industrial teclmologies.  However both have very 
different incentives and infrastzuctures supporting their advancenent. 
One measure of success is the ability to retain or increase shares in 
wor~d markets.  L<x>king  at the relative inportance of industries across a 
basket of 12 inportant manufacturing sectors between 1980  and 1985,  table 
2.  2  reveals that whereas  9 of the Japanese industries have held or 
increased market share this was  only the case for one European and  4 
Airerican sectOrs. 
TABLE  2.2  Gains and Losses in Share of 
World Markets 1980 to 1985 
Sector  Europe  us  Japan 
Electrical Engineering  L  L  G 
Engineering for all industries  L  L  G 
Mechanical Engineering  L  L  L 
Rubber Products  L  H  L 
Textile  L  L  H 
Furniture  L  G  H 
Machine Tools  L  H  L 
Ship building  L  G  G 
Optical Products  L  L  G 
Scientific Instruments  G  L  H 
Clothing  L  L  H 
Chanica! Industry  L  L  H 
G =Gain,  L  =  Loss,  H =  Held 
After Arthur Anderson and Co.  1988 
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For many years Japan has had the reputation for being a  copier of western 
technolCXJY.  Many  European manufacturing cc:npani.es have studied the 
Japanese approach at first hand arid  n.CM believe they have the 
capabilities, if properly used, to notmt a  successful challenge.  There is 
a  lot of ground to make  up as Japanese products were nCM world leaders in 
36 out of 40  teclmolCXJY  intense product categories. 
Japanese industry is structured in a  way which avoids many of the problems · 
associated with technolCXJY  transfer in the West.  Japanese industry does 
the research itself with internal technology transfer by production and 
research engineers working alongside one another during the developrent 
phase.  While Government laboratories and universities play a  relatively 
minor part in industry• s  R&D  effort they do provide a  pool of expertise · 
for use by MIT!  and other agencies in planning and  running Governrrent 
sponsored industrial research progrannes. 
In 1981  MIT! latmched its project dealing with the revolutionary basic 
teclmologies essential to the establishnent of the new industries expected 
to flourish before the end of the century.  The  •  Research and Developrent 
Project of Basic TechnolCXJY  for Future Industries  •  (JISEDAI)  covered new 
materials, bioteclmolCXJY  and  new  electronics devices. 
Last year a  report prepared on behalf of MIT!  by academics and 
in:lustrialists recognised the need to strengthen Japan 
1 s  capabilities in 
fundamental research.  Various neans were proposed including the 
establishnent of centres of research as a  basis for encouraging. exchanges 
of researchers between industry and universities.  Another neasure was  to 
reinforce the JISEDAI  progranne,  recognising that the areas of fundanental 
research which were ~ted  to be irrportant for industry at the begirming 
of the next ·century were:  new materials; electronics;  software; 
biotechnology;  and bianaterials. 
In the US  a  major factor in the .advancarent of manufacturing,  design,  and 
materials~  technolCXJY  has been the Depart:ment of Defense support for R&D. 
· In the Manufacturing TechnolCXJY  Progranne alone there are approximately 
500 projects active at any one tine with an annual funding  (in 1986)  of 
approximately 200  million dollars.  In its 25  years this R&D  prograrnre is 
recognised as having benefited both civil and military users with, in sane 
instances, returns to the us  am::runting to billions of dollars. 
'so. 8. 
The primary objective to support R&D  capable of ilrproving the econanical, 
tinely and reliable production of defence material,  has rceant that the 
prograrnre has becare a  national focus for developrents in manufacturing 
technology.  In contrast to the low level of spin-off resulting fran the 
developrent of defence equi:prent,  the support for ilrproving manufacturing 
performance anong defence contractors has resulted in practices,  products 
and  systems which have found wide application in improving manufacturing 
effectiveness. 
Nevertheless, as in Europe,  there is concern in the US  about the 
barriers to the ccnnercialisation of new  technologies.  This is also 
considered in the Main Report.  A major worry is the lack of integration 
and ccmmmication am::mg  functions within canpanies and a  carplacency and 
overdependence on the darestic market for growth opportunities.  Foreign 
catp:!titors, often but not always Japanese, were seen as having tw:ned US 
technological develcprent into their ccnnercial product successes.  There 
is a  feeling that the benefits of merging technology are too easily lost 
by weak laws and regulations,  and ineffective enforcement for the 
protection of intellectual property rights in the US  or overseas. 
As to the future,  the Department of Cc:mrerce  considers the emerging 
technologies of particular i.nportance to the end of the century to be: 
Advanced Materials;  Electronics; Autanation;  Biotechnology;  Carputing; 
Medical Tec;hnology;  and Thin Layer Technology.  These priorities, not very 
different fran those of Japan given above,  reflect the importance of the 
-
production related technologies as alnost all have a  significant role to 
play in the control, operation, or effectiveness of manufacturing 
processes.  However,  in the shorter tenn the substantial funding for 
manufacturing related technologies fran the Departlrent of Defense supports 
the effective develo-prent of products and processes. 
3.  THE  TEDINICAL  RE:C:PIREMENTS 
In this section the generic industrial technologies underpinning the drive 
towards industrial carpetitiveness - for which research effort should be 
concentrated - are identified.  Included are the inproved technologies 
needed for the design and assurance of products and processes,  for rreeting 
the manufacturing needs of groups or sectors of industry,  for ilrproved 
manufacturing  processes,  together  with  those  associated  with 
application and recycling of new and advanced materials and materials 
the  · 
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prcxiuction.  These R&D  priorities for European industry have been 
established in conjunction with industrial experts. 
3 .1  Design and  Assurance 
The developrent of techniques to improve product and process quality,  and 
the reliability and naintainability of structures,  and manufacturing 
systems have a  major affect on perfonnance.  Their costs have been 
estimated in one of  the Member States to be sane 10%  of GNP  and can 
typically range fran 5-25%  of ccrrpany turnover and it is believed that a 
reduction by 70%  of their present level through better managerrent and 
control is possible.  As  the costs of quality are related to the 
imperfections and also costs of process and product assurance,  a  najor 
task is to reduce the imperfection rate while reducing the assurance 
costs.  The trend to low inventory manufacture underpins the requirerrents 
for reliability and naintainability. 
In many  sectors there is concern over limitations of available process 
control and the means  by which the product specified is assured.  New and 
inproved sensors are required to control processes and  their iflilortance 
reflects increases in the scale and flexibility of systems.  Optical 
engineering, if developed could satisfy needs in the areas of testing, 
detection and inspection. 
Power control engineering, for control of speed or position. in electric 
notors is at the base of advances ·in autanation in all kinds of  indu~try. 
Though there were strengths in the past, European and US  manufacturers are 
now  losing narket share against Japan.  Technological improverrents are 
needed .  so that European manufacturers of process and production 
machinery can have access to the nost suitable technology. 
3.2  Application of Manufacturing Technologies 
Here the requirerrent is to develop manufacturing practices in the leading 
sectors for others which have been slc:M  to exploit the benefits in 
business perfonnance.  · These will include a  high proportion of SMEs,  and 
have limited research and developnent capabilities themselves and  so be 
dependent on the expertise and experience of other sectors. · Application 
of nodelling techniques is required to address problems in established 
industries, such as the filling of canplex injection noulds, particle 
formation in atanisers, positioning of sensors in condition nonitoring 
systems,  noise  generation  in  machinery  or  the  design  of  ,canposite 
materials. 10. 
A particular area where there are prospects to build on initial progress 
is in those industries based on the processing and use of flexible 
materials.  Their .i.rcp:>rtance is well illustrated by the Ccmnuni ty  •  s 
textile and leather related industries where  scree  3.  5 million people are 
enployed.  In the clothing industry about 80%  of production cares fran 
SMEs,  many of which have limited technical capabilities. 
3.  3  Manufacturing Processes 
Inproved techniques for shaping,  joining and assanbly,  surface treatm:mt, 
chemical processes and particle technology are fundam:ntal needs for 
Wustry.  Advancement of these processes is essential for securing 
manufacturing carpetitiveness.  With regard to surface treatm:mts the 
costs of corrosion prevention and effects anount to about  4%  of GNP  in 
industrial oountries and similar figures apply to wear.  In alnost all 
surface treat:nent systems,  the aspects of qua!ity assurance,  condition 
m::mitoring in service and oontrol of the treat:nent process require further 
develq;:m=nt. 
In the case of technologies for shaping,  assembly and  joining further 
developrent is needed to exploit the full benefits of their incorporation 
into carputer integrated manufacturing systems.  There are also 
requirements for new processes with inproved performance including high 
precision and faster operation.  The availability of advanced materials· 
both to be treated and also for use in the treat:nent process,  challenge 
conventional practice. 
Inportant advances in chemical manufacture will only result if there is 
collaboration between chemical manufacturers,  users and suppliers of new 
technology or expertise.  There is a  particular challenge to produce 
inproved catalyst systems while the supply is mainly local,  and Europe is 
generally strong.  There is requi.ranent to optimise the design of nenbrane · 
systans,  such as to enhancing turbulence at the membrane  surface and also 
techniques to inhibit fouling.Europe has been slipping behind in rrembrane 
innovation.  The -world market for mernbranes is about 400  rnio  OCU/year and 
is likely to grow significantly in the future as new applications for 
nenbranes are identified,  such as gas filtration. 
Research is need to overcare the inability to fully categorise particles, 
poor efficiency and size control within many  conventional particle 
processes,  and  the  difficulties  in  maintaining  an  even  fla-.r  and 
distribution in the flow. of powders and suspensions.  Mu1 ti disciplinary  1 8  3 11. 
expertise is require:l to tackle proolems found in very different particle 
systems. 
Advanced fOWder  materials teclmology is limiting the achievenent of 
potential benefits in areas such as aero and autarotive engines, magnets, 
tool steels and electronic materials.  There is an opportunity to build on 
European strength in. sate process areas to secure a  share in a  strongly 
· ccrrpetitive industry where the us  leads production in powder and prcrlucts 
value:l at about 2 billion EX:IJ,  with Europe and Japan at about 1 billion 
EOJ each. 
3.4  Advanced Materials 
While new materials are often considered to be a  'horizontal'  subject 
within a  wide spectrum of industrial sectors, .nost major developrents have 
arisen within aerospace, nuclear energy and nore recently electronics and 
the autard:>ile industry.  The trend in awlication .  for the last sector is 
shc::Mn  in figure 2.  4 •. 
The lack of adequate materials is a  brake on developnents such as .magneto-
hydrcrlynami.cs,  fuel cells and high energy density perfonnance materials. 
Europe is· well placed to provide the nul  ti disciplinary approach necessary 
for progress, but the US  and Japan have been first to recognise a  new 
awareness of materials.  This is illustrated in table 2.  3  for advanced 
ceramics. 
For netallic based materials advances in processing and alloying 
technologies have considerably widened the design scope.  But a  major 
technological challenge is to establish a  base of quality confidence in 
the new materials and ilrprove processing techniques of these and nore 
established materials so as to bring production oosts to carpetitive 
levels.  Anisotropic materials strengthened with particles or fibre 
reinforcatent are required. 
Materials having significantly inproved magnetic, optical, electrical, 
and  superconducting properties are needed to realise advances in a  wide 
range of industries.  Magnetic materials, for exanple, are indispensable 
in the electrical and carputer industries.  Building on European strengths 
in R&D,  there is a  requirercent for developnents which pennit effective and 
econanical exploitation as, for exanple,  polyrcer-bonded anisotropic 
pennanent magnets or massive segments of netallic glass for applications 
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International Comparison of R&D Efforts in Advanced Ceramics by 
Application Area 
Location 
Application  United States  Japan  Weste;·n Europe 
Electronic applications:  10  to  15 MECU /yr  R & D spending  Not estimated 
multilayer capacitors  unknown; said to hold 
10:1 !ead over t:S in 
number of patents and 
engineers 
Gas sensors  l'io more than 1 to 2  R & D unknown; said  Probably similar to 
MECU /yr  to hold 3:1lead over  US level 
t;S in number cf 
technical papers and 
lO:llead in patenting 
Structural applications:  35 to 40 MECU/yr  Greater than $50  Less than US: 
heat engines  rnillionlyr  Germany and 
Sweden are the 
European leaders 
Cutting tools  Probably no more than  R & D spending  Probable more 
1 MECl!/yr  unknown; 20:1 lead  than US; Germany 
over l:S in patents for  alone nearly even 
period \9'73 to 1982  with the US in 
patents for period 
1973 to 1982. 
Optical applications:  Approximately 10  Slightly less than l:S  About half  of US 
integrated optics  · MECU/yr  expenditures  expenditures 
Source:  Bl•clc, Blum <1nd K•los 
Table  2.3 
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which include electric rcot:ors,  security systems,  ore separation, medical 
equipnent and magnetic levitation for transport. 
High tenperature superconductor materials, in which Europe played an early 
role, are expected to have a  great inpact in the medium and  longer term on 
JOOSt  of the high technology industry sectors, particularly in ccitp::>nent 
design for reduced energy consurcptian.  As  many  basic problems remain 
unsolved industrial breakthroughs will not be achieved without a 
systematic investigation of the operating nechanism and engineering 
problems. 
The large potential of engineering ceramics depends on solving problems in 
properties and availability.  In speciality paNders,  such as whiskers, 
there are supply difficulties within Europe.  If this technology is to 
m=et the users needs,  there will have to be closer links with pcwder 
producers.  The world market for engineering ceramics,  including special 
glasses and anmpoous materials, will be sene 12 billion :ocu within a  few 
years. CUrrently European activity is low carpared to US  and Japan.  · 
Developrents are needed in Europe to respond to the trends of replacing 
general purpose polyner materials by functional materials.  The world 
polymer market is of the order of 120  billion EilJ,  · of which engineering 
polymers,  including polymer matrix carposites,  am:runt to 5 billion EilJ and 
are increasing in market share.  Europe is a  net inporter of engineering 
polymers.  The US  with 70%  of the world production and Japan with 10%  are 
increasing market share at the expense of Europe currently with 10-15%. 
CUrrently the market for advanced material~ is limited and m:::>stly  in 
the.  US. because of the aerospace dependance.  Growth will care fran new 
awroacbes to design which allow cheaper materials to be developed and 
exploited,  as in m:::>tor  cars.  Developnents in recycling and recovery 
technologies are needed to respond to greater use of polymers in consurrer 
products.  The problems reflecting envirannental consideration are 
significant as there are sane 7000  types of polymer in circulation. 
Inprovel'l'ellts are also needed in m::>re  conventional materials in addition to 
the technologies which reflect the use of new  and advanced materials.  In 
particular m::>re  effective extraction, process and recycling technologies 
are required for critical materials to underpin their availability to 
users.  Similarly inprovements in the processing and application 
technologies of steel are needed to secure the c:cmpetitiveness of European 
producers in world markets.  187 13. 
4.  THE  TASK  FOR  EUROPE 
A carpetitive, technology based ~ufacturing indqstry is an essential 
elanent of the Camumity's econcmy.  The overall task at European level is 
to establish an envirOl'llrent in which the industry can flourish.  The 
technology related issues where action is needed are as follc:Ms: 
4.1  R&D  and ~  Strategy 
It l.s for industry to identify its future technological needs and take the 
necessary action.  However,  not all carpanies are well structured to 
undertake such a  task.  This weakness was highlighted during the recent 
evaluation of the BRITE  programre as resulting fran poor links between 
· carpany planning, marketing, manufacturing and. R&D  functions.  The 
analysis of particular areas that require renewed research efforts for 
European industry given in Chapter 3  has been developed together with 
industi:y.  It will be further developed but should,  already,  be helpful at 
the level of the individual carpany.  It will also signal the overall 
~  . 
trend for further co-operation at European level. 
4.  2.  R&D  and Technical Barriers 
Standardisation activity at the European level contributes to the breaking 
dONn  of barriers to trade within the Ccmm.mity.  Particularly in those 
areas with a  rapidly advancing technology,  there can be benefits for 
establishing· links between R&D  and .standards related activities, so 
speeding up the effective exploitation of the R&D  results. 
4.  3  The Balance Between Fundamental and Applied Research 
A concern is heM  fundanental research, usually in universities and 
supported fran public funds,  should be balanced against research and 
develq;:m:mt having a  greater industrial focus.  A close look should be 
taken at the balance between the fundanental and  ~lied  work to ensure 
that the inventive skills of academic researcherf!> are encouraged but yet 
they have those links with industry which will ensure speedy progress 
through the research, design, develcpnent and a:wlication chain. 
4.  4  Education and Training 
R&D  can only be as good as the resources available.  The human resource is 
strongly influenced by its education and foma.tion.  Several of the 
cancerns  expressed above should be reflected in the training of research 
managers. 
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At the management level the failure to convert research into profitable 
products and processes continues to be a  concern within Europe.  A  fresh 
lOok needs to be taken at the preparation and training for managing 
innovation and the managanent of its inplanentation - :r:tet  as an isolated 
activity but in an environttent that is aware of the market place.  In 
resporxting to the challenge of the Japanese invasion of the European 
market place many  CCllplilies have refonned and re-organised and are now 
rcuch better structured to make real gains. 
··.  "' 
189 15. 
BIBLICGRAPHY 
IRDAC,  Opinion upon R&D  Funding,  October 1986 
IRDAC,  R&D  Needs in the Field of Mechatronics,  October 1986 
IRDAC,  Opinion on the Franework PrograitllV:!  1987-1991, October 1986 
IRDAC,  Report and Reccmnendations on Advanced Materials and Related 
Processes R&D  in Europe, January 1988 
Perfonnance of the European Manufacturing Industry, Arthur Andersen and 
Co,  February 1988 
Research.  Action Progranme - Materials - IV Advanced Materials,  EtJRAM 
Programme Description 1986-1989,  1985 
European Econany  1  CEX: 1  N° 35 1  March  1988 
European Eoonany  1  CEX:: 1  N° 25 1  Septanber 1985 
Proposal for a  Council Decision adopting a  specific Research and 
Technological Developnent Progranne of the ~  in the fields of Industrial 
Technologies and Advanced Materials AI:Plications  (BRITE/EURAM) 
(1989-1992) ,  CEC,  August 1988 
Discussions with Experts during the preparation of BRITE/EtJRAM 
Discussions with Standards Institutions in Member  States 
Report of the Evaluation Panel of the First Brite Progranme 
Research Evaluation - Report N°25,  CEC,  Septanber 1988 
The Status of Emerging Technologies:  An Ecananic/Technological Assessrcent 
to the year 2000.  US  Depar1::nent of CcJrrterce,  June 1987 
Infonnation provided by OC  Pennanent DelegatiOn in Japan 
res Materiaux nouveaux,  Dynamique,  Econanique et strategique E.'l.lropeenne, 
Eoanamica/Paris,1987 
ATAS  Bulletin, Issue 5  May  1988,  United Nations 
Technological Needs of the European Textile Industry,  KSA,  Februcu:y 1988 
Black,  Blum and Kalos:  Referred to in 'Market Trends for Existing and 
Forseeable Advanced Ceramic Prcx:lucts  in the EEl: • ,  CERAM  Research, 
October 1987 
1,90 A1 
1985: Value-added in the EC, the United States and Japan by sector (1985, current prices) 
Brandl 
Manufactured products 
Ores and metals 
Non-metallic minerals and mineral products 
Chemical products· 
Metal products (except machinery and,transport equipment) 
Agricultural and industrial machinery 
Office and data-processing machines, precision and optical 
instruments 
Electrical goods 
Transport equipment 
Food, beverages, tobacco 
Textiles and clothing, leather and footwear 
Paper and printing products 
Rubber and plastic goods 
Other manufactured products 
Building and consrrucrion 
SOWirt: Commission tcrviccl tiCCioral da1a ballk·VIS,.). 
EUR  12  · 
billion ECU 
. 825 
35 
41 
76 
73 
79 
25 
82 
92 
129 
66 
57 
32 
38 
180 
Japan 
billion  ECU 
505 
24 
24 
44 
68 
40 
20 
79 
49 
56 
40 
14 
21 
:!6 
128 
us ... 
billion ECU 
J 024 
30 
40 
103 
84 
88 
80 
92 
145 
108 
53 
113 
38 
51 
245 
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TABLE  OF  LEGENDS 
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LEGENDS 
CAT 
CER 
CES 
tHE 
CLO 
COM 
coo 
EEN 
ENG 
FOR 
FTW 
FUR 
HCAJ 
MAC 
MAG 
MAH 
MAN 
MAR 
MAY 
MEM 
MOT 
OPT 
PLA 
RUB 
.  SCI 
SHJ 
TEX 
TOY 
TU. 
WEL 
WHI 
SECTORS 
Cltalysu 
Cer~t~~~lcs  C  enQ fn.er  f  l"lfl >  . 
Cenmtc:s  (san! tary) -
Chemical  Industry 
Clothing 
Coq>eslus 
Cooking  Equlpnent 
Elec:tric:al  Engineering 
En9ineerlng  and  all. industries 
Forgings  and  c:aatlnga 
Footwear 
Furniture 
Hou.thold  Fittings 
Machine  Tool• 
Magnetic:  Materials 
Materials  HandLing  Equipment 
Man  Made  Fibres 
Metal  articles 
Machinery  (Prlnting/Pac:kin;/Food) 
Mec:hanical  Engineering 
Motor  vehic:le  and  parts 
Opt,ic:at  l'r~ts 
Plastic:  processing 
Rubbtr  Pr~u 
Sc:lentiflc:  Instruments 
Shipi:Yi ldfng 
Textile 
Toys 
transport 
wetd}n;/Jolnln; Equipment 
lotliU  Goods 
••••••aaazasa~••••••••aa••••••••••••••••••••••••••••••• 
Source  of  materials  on  pages  A3-A7,  A9-A11  and  figure  2.1: 
and  figure  2.1  Arthur  Andersen  ~  Co. 
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CHEMICAL INDUSTRY OUTPUT 
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OPTICAL PRODUCTS OUTPUT 
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SCIENTIFIC INSTRUMENTS OUTPUT 
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Industry 
Technological improvements 
yesterday  today 
1.  All textile manufacturing  Manual  Computer 
processes  adjustment/  contro  1 
2.  Raw  materials  Natural fibre  Synthetics 
Artificials 
Natural filaments  Synthetics 
(silk)  continuous fila-
ments 
3.  Yarn spinning, winding  Manual  Automatic piecing, 
cree  1  ing, doffing 
4.  Woven fabric  Narrow  Wide width 
5.  Fabric dyeing  Batch  Continuous 
processing 
High  Low liquor ratio 
. 
Atmosferic  Pressure 
6.  Carpet formation  Manual  Weaving 
Tufting 
Nonwoven 
Source  Ks;. 
Examples  of  changes  in the textile industry that have  increased 
some  aspect  of productivity 
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.·2CO AHHEX  3  :  AERONAUTICS 
MARKET  SITUATION 
The  aeronautical  industry  is  without  doubt  a  very  important 
industrial  sector  in  Europe  <Fig.  1 >.  The  establishment  of  a 
strong  and  competitive  industrial  base  in  this  field  is  a 
contributing  factor  to  a  strong  and  powerful  economy  and  to  the 
prosperity of  the population. 
During the  1980-1986  period the European aeronautics industry has 
captured  25,9%  of  the  world-market.  This  represents  average 
annual  sales of about  9,900  - MECU's.  Forecasts  for the  1987-2010 
period reveal  an appreciable further increase in the world market 
leading to average annual  sales of  about  14,800 MECU's  (Fig.  2>. 
A  convincing  example  of  the technological  capability of  European 
aeronautics  industry is  the  penetration of  "Airbus  Industria"  in 
the  category  of  medium  range  aircraft  <Fig.  3 >.  This  has 
provoked  a  series  of  vigorous  reactions  from  the  USA  where  the 
Administration has declared its support for  a  new national thrust 
to  r~assert US  leadership in world aeronautics. 
World  scheduled passenger traffic is rapidly increasing  (Fig.  4>. 
Increased  competition  for  the  capture  of  the  expanding  market 
must  be  expected,  notably  for  civil aircraft  <Fig.  5>,  not  only 
on  the  part  of  the  USA  but  also  from  Japan  and  the  Newly 
Industrialised Countries  <Brazil,  Korea .•. ). 
( 0051. JC > 
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The  situation is more  favourable  for the USA  aeronautics  industry 
because  it enjoys  a  vast  and  uniform  market  and  because  of  the 
knowledge  and  the  infrastructure  provided  by  the  execution· of 
important  programmes  financed  by  the  Department  of  Defense  and 
NASA  for the military and the space sectors. 
RESEARCH  AND  TECHNOLOGY  NEEDS 
Competitive  air  transport  demands  continuous  improvement  in 
aircraft  production  costs  <design,  manufacturing,  validation>, 
airline operational costs  through  improvements  in performance and 
fuel  consumption,  facilities  to  reduce  delays  at airport  and  in 
flight,  aircraft  maintainability  while  meeting  operational 
requirements  (safety,  environment,  punctuality,  comfort,  etc.). 
The  required  level  of  technological  competence  can  only  be 
achieved  by  persistent  and  substantial  efforts  in  research  and 
technology which  implies the development of  a  long term strategy. 
The  aerospace  industry,  more.than  any other,  depends  on  advanced 
technology  to  ensure  competitiveness.  It  is  a  leader  in  R/D 
investments  <Fig.  6>  and  in  the  application of  new  technologies 
to its products  and also benefits other industries by  spin~off at 
the  same  time  q.s  it· develops  and  applies  its  own  technologies 
especially in the fields of design and production. 
It also  exercises  an  important  role  as  the  industry which  makes 
use  of  the most  advanced  scientific research,  acting as  a  centre 
for  the  transfer  and  diffusion  of  these  technologies  to  other 
industrial sectors. 
<  OOSl.JC) 
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Because  of  the  specific  high  technology  characteristics  of  the 
aerospace  . sector  the  United  States  administration  uses  this 
sector to  develop  and  apply  advanced  technologies  which  are  then 
adapted  and  utilised . by  other  sectors  engaged  in  development 
<Automotive  Engineering,  High-Temperature  Furnaces,  Industrial 
Control  Systems,  Testing  and  Production  Methods>.  The  value  of 
this  spin-off  is  immeasurable  and  it makes  a  major  contribution 
to improving the country's economy. 
The  technologies  needed  by  the  aeronautical  industry  require  a 
high  level  of  competence  for  their  realisation  in  a· number  of 
diverse  areas,  such  as  the  sophisticated  analysis  techniques 
required  for  aerodynamics,  the  design of  complex  structures,  the 
evaluation  and  methods  of  use  of  advanced  materials,  the 
integration  of  electronic  techniques  into  complex  operational 
systems,  and  design  and  implementation  of  new  manufacturing 
methods. 
This  level  of  indispensable  technological  competence  can  only be 
attained  by  a  continuous,  intense  effort  in  the  domain  of 
research  and  technology  acquisition,  and it requires  a  long-term 
strategic  programme.  An  example  showing  the timescales  involved 
is  that  it  can  take  five  to  six  years  to  develop  a  new 
technology,  five 
product  followed 
years  more  to  incorporate  this  into  a  new 
by  maybe  ten  years  of  exploitation  of  the 
product to recoup the investment made. 
Consequently,  it  is  necessary  to  establish  a  strategy  at  a 
European  level  in  order  to  avoid  the  danger  of  loosing  the 
competitiveness of  the  European aeronautics industry,  which  could 
lead  to  a  progressive deterioration of  its position  in the  world 
market. 
<  OOSl.JC> 
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EUROPEAN  ACTION 
The  acquisition  of  the  complex  technologies  and  the  required 
support equipments  require  a  wide application base. 
,  1  2  3  4  The  national centres  (O.N.E.R.A.  ,  D.F.V.L.R.  ,  R.A.E.  ,  N.L.R.  , 
C.I.R.A.s,  I.N.T.A.6>  in  the  major  aeronautical  countries  are 
actively  involved  and  contribute  to  progress  in  aerospace 
techniques  with  their  fundamental  research,  complementing 
university  laboratories,  with  their  applied  research,  preparing 
long  and  medium  term  projects  and  with  their  direct  technical 
. assistance to industry,  either by making  the testing potential of 
their centres  available  or by  studying problems  raised by  actual 
projects  under  development  or  difficulties  encountered  on 
operational  equipment. 
Some  international  collaboration  on  aeronautical  research  is 
implemented  in organisations  like  GARTEUR  and  AGARD  on  the  basis 
of  concerted  action  and  on  specific  topics.  But  the  acquisition 
of  the  complex  technologies  and  the  required  support  equipments 
requires  a  wider  application  base.  This  can  be  organised  in 
Europe  by collaboration at community  level. 
1  O.N.E.R.A. 
2  . 
D.F.V.L.R. 
3  R.A.E. 
4  N.L.R. 
5  C.I.R.A. 
6  I.N.T.A. 
(005l.JC> 
Office  National  d'Etudes  et  de  Recherches 
Aerospatiales  <France>. 
Deutsche  Forschungs- und  Versuchsaustalt  flir 
Luft- und  Raumfahrt  (F.R.G.>. 
Royal  Aerospace  Establishment  <U.K.). 
Nationaal  Lucht-en  Ruimtevaartlaboratorium 
{Netherlands). 
Centro Italiano Ricerche Aerospaziali <Italy>. 
Institute  Nacional  de  Tecnica  Aeroespacial 
<Spain>. 
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For the development of prototypes,  EUREKA  is involved in a  number 
of  market-orientated  projects  <EUROFAR,  Amphibious  Flying  Boat, 
SAMOVAR,  etc.). 
In  the  longer  term  the  improvement  in  the  capabilities  of  the 
European  industry  will  necessarily  involve  a  progressive 
reorganisation of  the  industry.  In the meantime,  there is a  need 
to  implement  a  programme,  without  delay,  at  Community  level. 
This  programme  will  be  based  on  a  series  of  measures  following 
the  conclusions  of  p  study  supported  by  the  Commission  and 
·undertaken by nine major  European aircraft companies. 
These measures  concern  : 
increased  co-operation 
activities; 
in  research  and  technology 
concentration  on  key  technology  areas  identified  in  new 
joint requirements; 
provision  of  additional  funding  resources  to  support  this 
increased effort. 
The  Commission plans,  via these actions,  the double objectives  : 
of  enlarging  the  European  technology  base  by  involving  the 
largest  possible  participation  in  the  programme,  by 
universities and  national  research centres; 
of  reinforcing  the  current  position  of  the  European 
aeronautical industry in world markets. 
In  the  context  of  such  a  large  and  wide-ranging  programme  to 
enable  Europe  to  attain  in  the  future  the  objectives  defined  in 
the  Commission  strategic  plan,  a  two  year  pilot  programme  is 
being proposed. 
<  0051. JC > 
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The  particular objectives of this pilot phase are  : 
to  provide  a  firm  foundation  for  co-operation  between 
European  aeronautical  industries  in  research  and  technology 
acquisition  and  to  involve  in  the  projects  universities, 
national research centres and  SME's; 
to  commence  the  research  projects  which  have  a  degree  of 
urgency and are important for the future capabilities of  the 
European aeronautical industries; 
to  compile,  verify  and  complete  the  information  base  and 
knowledge  requir~d for technological development; 
to  gain  experience  in the  organisation and  functioning  of  a 
programme  of  this  type  and  to define  the  required  long-term 
actions. 
The  areas  of key technology identified for the pilot phase are 
<  0051.JC  > 
aerodynamics  and flight mechanics 
materials 
acoustics 
computation 
airborne  systems  and  equipment 
all electric aircraft 
propulsion integration 
design and manufacturing technologies. 
·-
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ANNEX  4 
Introduction 
The  significance of  biotechnology 
Japan's  Ministry  of  International Trade  and  Industry  in  1988  forecast 
the  world  market  for  "hie-related  industries"  as  $  514  billion.  In  a 
paper in  1981,  a  futures  group  within the  European  Commission  (1)  had 
pointed  out  that.  in .a  modern  developed  economy,  over  40  %  of 
manufactured  output.  or  20  %  of  GNP.  was  biological  in  nature  or 
origin.  Estimates  of  market  potential  for  biotechnology  have  varied 
over several orders of magnitude,  depending  on  the writer's  choice  of 
a  narrow or a  broad  definition;  but  as was  pointed out.  "human  beings 
are  100  %  biological"  (1).  Radical  advances  in  biological 
understanding and  related technological or manipulative abilities were 
therefore  bound  to  attract  not  only  commercial.  but  widespread 
political  attention,  and  a  certain  degree  of  public  disquiet  in  at 
least some  cultures.  The  current  OECD  study on the  "long-term economic 
impacts  of  biotechnology"  has  not  suggested  dramatic  near-term  growth 
of  new  markets;  but  has  acknowledged  a  different  significance  by  a 
subtle  change  of  title  "Economic  and  wider  impacts  of 
biotechnology".  It is a  pervasive technology. 
Biotechnology  is  not  a  scientific  discipline  in  its  own  right  but. 
rather.  a  cross-roads  of  different  sectors  of  knowledge  - including 
biochemistry.  genetics,  microbiology,  physiology,  morphogenesis  among 
many  others  - which  contribute  to  the  intelligent  use  of  nature  and 
natural  processes.  It is  the  technology  of  living matt'er.  from  which 
many  biotechniques  have  emerged  to  the  immediate  benefit  of  health 
care and  hygiene,  agriculture,  the  food  industry,  the environment,  the 
health  and  chemical  industries.  Biotechnology  is  about  the  purposeful 
management  of  living  systems,  ranging  from  the  control  of  a 
microorganism  in  a  fermenter •  to  the  maintenance  of  a  small  planet 
with a  population of  5  to  10  billion human  beings. 
In  the  following  sections.  details  are  presented  of  some  of  the  most 
dynamic  areas  of  the  "hie-revolution".  The  sequencing  of  the  human 
genome.  "the  map  of  man".  is  a  challenge  which  has  seized  the 
imagination  of  scientists  and  laymen  alike.  Section  (A)  sets  this  in 
the  broader  context  of  genome  analysis  of  various  complex  organisms, 
since  neither  scientific  enquiry  nor  practical  applications  can  be 
anthropocentrically constrained. 
Man  depends  for  his existence  and  his environment  above  all on  plants 
and  their  constituents.  The  penetration  of  the  bio-revolution,  the 
"molecularisad.on"  of  plant  science  which  is  expanding  the  role  of 
biotechnology in agriculture.  is described  in Section  (B). 
The  application  of  biotechnology  to  agriculture  has  attracted  fears 
that  it will  stimulate  ecologically  devastating  monocultures;  but  as 
has  been  rightly  pointed  out  by  one  of  the  world's  leading 
environmental institutes, 
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1. "A  biotechnology attentive to natural history may  provide  some  of 
the  most  powerful  tools  to  reduce  the  pressures  on  genetic 
resources  and  enhance  the  value  and  conservation  of  wild 
species".  (2) 
Section  (C)  describes  some  of·  the  practical  steps  and  political 
developments  in  defending  the  diversity  of  mankind 
1 s  genetic 
resources,  a  task  in  which  biotechnology  is  increasingly  called  upon 
to assist  • 
. The  advances  in biotechnology offer  the  prospect of  progress  not  only 
to  the management  of  our environment,  animal  and  vegetable,  but  above 
all  to  the  understanding  of  man  himself~  Of  immediate  social  and 
commercial  relevance  in  defending  man  against  disease  has  been  the 
understanding  of  his  own  tmmune  system,  and  its  stimulus  (by 
vaccination)  to produce antibodies.  Since the development  of cul.tured, 
immortal  hybridoma  cells  for  the  production  of  monoclonal  antibodies 
is  one  of  the  great  triumphs  and  most  productive  innovations  of  the 
bio-revolution,  it is  appropriate  to  present  (Section  D)  a  review  of 
recent progress and  challenges in immunology. 
The  bio-revolution  is  a  molecular  revolution,  and  is  transforming 
research methods  and  the prospects  for. breakthroughs  even in that most 
daunting  intellectual  challenge,  understanding  the  ·human  brain 
itself  :  section  E  outlines  some  current  challenges  in neurobiology. 
This  subject  is  of  interest  not  only  for  clinical  applications  (the 
understanding  of  Alzheimer
1s  disease  is of obvious  importance  for  the 
ageing  societies  of  the  developed  world),  but  for  the  development  of 
"neural  computing".  Developers  of  the  most  sophisticated·  parallel 
processing computers  contemplate with awe  - and  with detailed interest 
in its mechanics  and  methods- the  speed,.performance.and  compactness 
of the human  brain. 
Following  this  presentation  of  some  of  th  most  significant  domains, 
the  final  section  of  this  annex  gives  an  overview  of  the  Community 
initiatives in biotechnology.  · 
The  biotechnology race  ? 
Given  the  ultimately  enormous  economic  and  social  significance  of 
biotechnology,  governments  of  even  the  most  "non-interventionist" 
persuasion have  rushed  to  support  biotechnology.  u.s.  federal  support 
is  estimated  by  the  OTA  (3)  to  have  amounted  in  1986-1987  to  $  2. 7 
billion.  Japan 
1 s  long-term  technology  forecasts  (1987-2015)  underpin  a 
strong  emphasis  on  biotechnology  as  a  priority  to  bring  their 
pharmaceutical  and  other bio-related  industries  towards  international 
competitiveness  in the  1990s.  Modest  government  expenditure figures on 
R&D  belie  a  CQmpetent,  coherent  and  long-term-oriented  strategy  for 
biotechnology. 
Thus  it  has  been  unsurprising  to  see  various  consultant · reports, 
including  those  used  by  the  US  Congressional  Office  of  Technology 
Assessment,  placing  Europe  in  the  bronze  medal  position  behind  the 
entrepreneurial  vitality  of  the. USA,  and  the  systematic  thrust  of 
Japanese  consensus  policy. 
214 However,  the  "Olympic  games"  include  many  diverse  sports.  Europe  has 
many  "golds",  and  although  its  fragmentation  and  diversity  are  at 
first  seen as  a  weakness,  the  "old  colonialists"  of  Europe  have  used 
their  centuries  of  experience  to  be  the  most  effective 
internationalists  in  many  markets  around  their  world.  In  the 
entrepreneurial  climate  of  the  USA,  small  companies  have  to  shout 
loudly  to  attract  venture  capital,  contract  res.earch  customers,  and 
new  investors  willing  to  bid  up  the  value  of  the  company's  shares. 
With  less  noise  and  a  greater  emphasis  on  in-house  activity,  the 
profitable  and  internationally  successful  giants  of  Europe  (in 
chem_icals,  in  pharmaceuticals,  in  agrochemicals  and  in  food  - are  no 
less effectively developing an international position. 
Europe is spending less on biotechnology research than the  USA  :  a  few 
hundred  million,  perhaps  a  billion  Ecus  on  publicly  supported 
research.  But  no  simple  judgement  can  be  made  on  the  outcome  of  the 
"race".  The  u.s.  is  thought  to  lead  in  the  number  and  vitality  of 
small  entrepreneurial  start-ups  - some  $  3  billion has  been  invested 
in these during  the period  1976-1986  (31;  but many  are acquired, or do 
their  contract  research  for  Japanese  and  European  multi-nationals. 
Total  current  private  sector  R&D  expenditure  in  biotechnology 
(including  biotechnology  activities  of  major  companies)  is  estimated 
by  the  OTA  at  some  2.0  billion  in  1987.  some  $  1.2  billion  by 
"dedicated  biotechnology  companies",  and  some  $  800  million  by  major 
corporations. 
·Based  perhaps  on  a  somewhat  broader  concept  of  "biotechnology 
company",  the  European  Commission's  biotechnology  concertation  unit 
has  identified  some  448  companies  in  Western  Europe.  numbers  as 
follows  : 
EUROPEAN  COMMUNITY  OTHER  EUROPEAN  STATES  (EITA) 
Belgium  37  Italy  34  EEC  388 
Denmark  19  Luxembourg  1  Austria  2 
France  76  Netherlands  33  Finland  6 
Germany  (w.)  46  Portugal  2  Norway  7 
Greece  2  Spain  12  Sweden  28 
Ireland  11  UK  115  Switzerland  17 
' 
--------------- ----- --------------- r------- ~---------------- ------
Total  EEC  388  Tot.  West.Eur.  448 
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3. 3.  Internationalism and  Information 
One  of  the  characteristic  features  of  biotechnology  is  its 
internationalism. Whether  for access  to markets  for maximum  return, or 
access  to  science  and  technology  for  maximum  efficiency  in  research. 
development  and  innovation,  a  biotechnology  company  has  to  be 
conscious of  competition and  opportunity on  a  world  scale. 
One  respo.nse  to this has been  the proliferation of strategic alliances 
between  companies.  These  may  be  joint  ventures,  equity  purchases. 
licensing  agreements,  marketing  agreements,  or  research  contracts. 
Many  of  them  are  transnational,  EC-US,  US-Japanese,  or  EC-Japanese. 
Their existence complicates  any  simple picture of comparative research 
expenditures  by  region,  since  there  is  continuous  information  flow 
through  published  information  channels.  via  the  inter-company 
agreements,  and  by  the  frequent  transfers of  individuals  in a  dynamic 
industry. 
Even  the  largest  companies  recognise  that  their  continued 
competitiveness  depends  upon  effective  exploitation  of  a  rapidly 
changing  base  of  knowledge,  most  of  it external  to  the  company's  own 
resources.  The  challenge  of  managing  this  constantly  'changing 
interface  has  led  to  growing  emphasis  on  information  services  and 
infrastructure,  a  field  in  which  Europe  is most  seriously  behind  the 
USA  (4) •  and  in  which  the  advantages  of  the  federally  centralised 
facilities,  e.g.  of  the  National  Library  of.  Medicine  (and  its 
fast-growing  National  Biotechnology  Information  Center),  build  upon 
their computer-sophisticated home  market  (40.000  general practitioners 
have  personal  computers  in  their  surgeries)  the  basis  for  potential 
global dominance.  · 
Because of its information-intensive character, biotechnology has  been 
the  basis  for  a  growth  industry  in advice  on  patenting  issues.  There 
are many  controverses arisiJ!g as  the new  intellectual.breakthroughs in 
understanding  seek  commercial  return  on  the  research  investment  by 
expanding into the traditional application areas of  the life sciences. 
Added  to  the  already  familiar  consensus  about  the  regulation  of 
biotechnology,  the patenting and  information infrastructure illustrate 
the  many  points  at  which  international  competition  in  biotechnology 
depends  upon public policy.  For a  review of  these  issues,  see  (5). 
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The  challenge 
The  genome  specifies all the  rules  which,  through  interaction via  the 
phenotype  with  the  environment,  determine  the  survival  and  the 
reproduction  of  an  organism.  Up  to  now,  the  molecular  structure  and 
the  regulation  of  this  genetic  information  has  remained  largely 
inaccessible.  New  techniques  in  DNA  sequencing,  as  well  as  improve-
ments  in  the handling  of  biological  information,  have  now  created  an 
unprecedented  situation.  There  are  scientific  means  available  to 
decipher  completely  the  genetic  programme  of  any  organism.  The  tool 
kit  is  composed  of  techniques  to  separate  chromosomes,  cloning  and 
sequencing methods,  ordered  DNA  libraries,  genetic  linkage  maps,  data 
bases and  computer  software. 
DNA  sequencing  of  whole  genomes  will  require  a  vast  amount  of  work, 
especially  if  one  hopes  to  investigate  the  structure  of  higher 
eukaryote  genomes.  It  seems  therefore  of  the  utmost  importance  to 
organise  and  make  proper  choices  for  a  productive  strategy.  It  is 
clear that,  as  such,  the  sequence of  a  genome  of  a  single entity will 
be  of very high basic value; it seems  also clear that determination of 
the  sequence  of. several  genomes  will  increase  the  potential  interest 
of  sequence  determination  by  a  very  high  factor.  Indeed,  at  the 
simplest  level,  sequencing  will  make  available  all  signals  that  are 
important  for  the  core  machinery,  responsible  for  gene  expression  and 
replication.  A  further  important  result  will  be  that  we  shall  have 
access  to  information  corresponding  to  the  ecological  niche  of  the 
organisms  considered.  Indeed,  the  DNA  sequence  information  that 
remains  present after the  core  sequences.have been  subtracted,  repre-
sents  information  specific  to  each  type  of  organism.  This  will  make 
understandable the way  by  which  typical instances  of various organisms 
cope with their environment. 
The  next domains  which will be  fertilised by  knowledge of  total genome 
sequences  is  the  study of  the  evolution  of  species.  This  will result 
both  from comparisons of  sequences of  a  given organism,  and  comparison 
of  homologous  sequences  in  different  organisms.  A  major  consequence 
will be  that  we  shall have  pathways  relating known  structures  (at  the 
three  dimensional  level)  to  unknown  structures.  This,  most  probably, 
will  bring  a  major  support  to  the  general  problem  of  prediction  of 
protein tertiary structure,  knowing only their primary structure. 
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multicellular  eukaryotes,  we  shall  start  obtaining  specific  informa-
tion  on  genes  involved  in  cell differentiation.  In  general it can  be 
hoped  that  knowledge  of  the  genes  will  help  understand  a  variety  of 
biological  phenomena  in a  way  more  directly accessible  than  the  usual 
converse way  (i.e.  going  from  the biological phenomenon  to  the  gene). 
The  United  States  are  seriously  contemplating  the  possibility  of 
sequencing  the  human  genome,  and  Japan  is  making  an  endeavour  to · 
invite  international  cooperation  for  this  ambitious  task  to  be  placed 
under  the  umbrella  of  its  proposal  for  a  Human  Frontier  Science 
Programme.  The  primary  interest  of  sequencing  the  human  genome  goes 
with  the  wide-ranging  medical  applications  at  stake.  Many  human 
diseases  are  indeed  under  genetic  control,  and  knowledge  of  the 
molecular structure of the disorders  could lead to vast  new  markets in 
<l:iagnostics  and  therapeutic  agents  (cf.  Health  annex).  Beyond  its 
scientific  significance,  a  project  of  this  dimension  would  obviously 
result  in  technological  spin-off  and  the  development  of 
instrumentation of wide  biotechnological use.  ·  ·-:-· 
Progress  throughout the world 
The  United  States  are  already  engaged  in  some  steps  of  the  human 
genome  enterprise.  Total  federal  funding  to  genome  projects  amounted 
to 32-34 Mio  $  in 1987.  Projected spending of  NIH  in  1989  is estimated 
at  28  Mio  $,  and  DOE  proposes  18  Mio  $  for  the same  year  to  carry out 
technological  and  instrumentation  connected  research.  The· NSF  would 
also  provide  some  support  through  grant  programmes.  However,  it is 
generally  accepted  that a  budget of  200  Mio  $/year would  be  necessary 
to  provide  the  comprehensive  support  that  would  be  required.  The 
dimension of  the  task,  and  some  lack of  coordination between  the  many 
interested  organisations,  both  public  and  private,  may  create  diffi-
culties  before  the  human  genome  sequencing  project  can  deliberately 
take  off.  In  the  meanwhile,  several  smaller  genomes  are  subject  to 
pilot  sequencing  work,  in  the  United  States  ~s  well  as  in  other 
developed  countries. 
The  Japanese position appears particularly strong from  the  technologi-
cal angle.  The  automation of sequencing  techniques  is an area in which 
much  work  is  being  done,  funded  both  by  industry  and  by  the  govern-
ment.  Robots  have  been  developed,  based  on  US  approaches.  The  Univer-
sity of  Tokyo  is very  strong  and  many  of  the  industry people  involved 
in the development of automated  sequencing/mapping equipment  are their 
former  students.  Much  more  so  than its European  counterpart, -·Japanese 
·industry  is  making  efforts  to  commercialise  the  results  of  research 
and  development  in this field. 
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Several Member  States as well as  the Commission  of  the  EC  have already 
invested  much  thinking,  and  sometimes  money,  in defining  the  partner-
ship  Europe  could  offer  in  this  major  international  effort.  It  is  a 
fact  that  Europe  cannot  accept  a  minor  role.  It  has  many  of  the 
required . skills  and  resources,  and  has  acquired  much  experience  in 
coordinating  work  across  State  boundaries.  Its reputation  that  it is 
bound  to  coordinate  policies  and  actions  in  all  areas  of  Co.mmunity 
competence  turns  out  to  be  its real force.  The  task of  sequencing  the 
genome  of  a  complex  organism is one  which  will  require  much  division 
of  labour and  network integration. 
France  has  allocated  already  1.  4  Mio  $  to  sequence  regions  of  the 
human  chrolDOsomes  of  particular  medical  importance,  and  to  develop 
data  processing  systems.  The  UK  Medical  Research  Council  set  up  a 
coordination  committee,  and  is  in  the  process  of  working  out  its 
strategy  to  be  approved  at  government  level.  The  German  DFG  has  been 
allocating 500.000 $/year for  the last three years  for research on  the 
human  genome.  Cloning,  data  handling  and  instrumentation  are  the  3 
main  fields  on  which  discussions  were  organised  in  a  recent  national 
meeting,  to  be  convened  again  on  a  regular  basis.  A  50.000  kbase 
chrolDOsomal  region  associated  with  mental  retardation  has  been 
selected  by  Italy  for  complete  sequencing,  in  collaboration  with  the 
Salk  Institute.  The  cost  to  the  Italian  government  will  be  about 
10  Mio  $.  A  EUREKA  programme  was  also  approved  which  covers  some  of 
the  technological  aspects  of  sequencing  work,  with  a  British  and  a 
French  company  involved. 
However,  even  the  largest  European  country  cannot  rely  on  its  own 
forces  to  compete with  the  US  and  Japan where  the  initiative received 
earlier attention.  It is still remarkable  that  the  Community  has  the 
privilege of  being first in  1988  to organise on  a  transnational  basis 
a  coordinated  project  to.  sequence  one  chromosome  of  yeast.  This 
objective  brings  together  in  the  framework  of  the  BAP  Community 
programme  as  many  as  35  iaboratories  during  a  period  of  2  years.  The 
target.  proportionate  to  the  modesty  of  the  funds  available.  is  a 
reasonable  choice  before  the  international  scientific  community  will 
emb.ark  on  the  human  genome~  The  latter  - 1000  times  the  scale  of  a 
bacterial DNA  - is so  large  that one has  to  perform several intermedi-
ate studies  in order  to  permit  scaling up.  This  means  that eukaryotes 
with  small  genomes  such  as  yeast,  be  it only  for  this  reason  and  not 
for  their own  interest, should  be  considered first. 
Other discrete steps have  been taken,  using existing programmes  or  new 
proposals  under  the  second  Framework  Programme,  to  organise  trans-
national  research  on  small-scale  sequencing  projects  :  Drosophila  is 
considered  under  the  Stimulation action,  and  the  human  genome  will be 
for  the  first  time  the  subject  of  Community  research  under  the 
·initiative of Predictive Medicine. 
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The  different  projects  that  have  been  briefly  outlined  involve  a 
significant amount  of work  :  as example  the smallest project  (1000  kb) 
requires at least 25  man  x  year of work,  and  the  project of  sequencing 
a  bacterial  genome  would  require  five  times  that  figure.  Choices  are 
needed  for  the  Community  to  tailor  its  effort  at  an  international 
level. 
- The  participation ·of  the  Community  in  the  human  genome  project  is 
both  a  strategic  necessity  and  a  chance  offered  to  scientists  and 
industry;  this  participation  still has  to ·be  defined  in  terms  of 
scientific  contributions,  commercial  consequences  and  ethical 
guidelines;  the  coordination  of  the  European  response  is  taking 
shape  in  the  framework  of  the  Japanese  initiative  for  a  Human 
Frontier Science  Programme. 
- The  completion of  the  total sequencing of  the yeast  genome,  of  which 
only  one  chromosome  is under  analysis;  this  is  the  unique  strength 
of  the  Comui.tnity  that  it was  first  to  embark  on  a  completely  co-
ordinated  project  using  this  lower  eukaryote,  accumulating 
information  and  creating  skills  largely  applicable  to  the  human 
genome  later  on;  the  Community  must  keep  with  it  this  modest 
advantage. 
The  participation  of  the  Community  in  international  projects 
addressing  other  genomes  of  high  commercial  significance 
(!.  subtilis, Arabidopsis  thaliana). 
- The  organisation  of  an  industrial involvement  in this whole  endeav-
our,  taking  care  of  technological  spin-offs  in  the  software  and 
instrumentation  areas,  as  well  as  of  legal,  ethical  and  commercial 
consequences of exploiting the  accumulated  biological-information. 
Concomitant  support  to  basic  science  in  the  areas  of  molecular 
biology,  cell  physiology,  protein  chemistry  and  enzymology,  to 
secure  that  the  structural  information  massively  disclosed  be  also 
interpreted  and  exploited  in  Europe  through  an  adequate  research 
infrastructure. 
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B  Molecular  foundations  of plant biotechnology 
The  roots of our green planet 
Plants  are  mostly  studied  in  function  of  their  agricultural  and 
economic  importance;  yet, _in  spite  of  elegant  investigations  in e.g. 
photosynthesis,  they  have  not  received  the  right  attention  on  many 
aspects,  such  as  totipotency  or  metabolisms,  with  direct  bearings  on 
agriculture and  industry. 
Totipo~ency  is  a  unique  property  of  plants.  In  contrast  with  other 
living  beings.  they  can  develop  into  normal  embryos  and  regenerated 
organisms ultimately, without necessarily passing through  fecondation. 
The  identification  of  molecular  signals  to  control  these  unusual 
processes  is  an  essential  research  step  for  the  understanding  of 
reproductive mechanisms  in agriculture and  forestry. 
Plants  are  also  endowed  with  complex  and  original  bio-synthetic 
pathways,  which often find  no  equivalent  in any other living organism. 
The  products  of  these  biosyntheses  have  attracted  the  interest  of 
chemists  for  centuries  and  have· opened  up  a  wide  diversity of  markets 
for  health  and  chemical  industries.  Their structures and  biosynthetic 
routes are however poorly known  (if known  at all) in some  of  the  9.000 
plant species partially studied so  far.  But  300.000  plant species with 
potential  interest still are  keeping  most  of  their  metabolic  secrets 
beyond  scientific grasp. 
Limited efforts have  recently been engaged  to fill some  of  these  gaps 
through  research  at  molecular  level.  However.  they  have  been  always 
subcritical  and  in  no  proportion  to  the  overwhelming  importance  of 
plants  to  regulate  the  biosphere  and  to  support  most  of  human  activ-
ities.  There  are  thousands  of  animal  genes  isolated  so  far.  for  a 
hundred plant genes only;  and  the excess of blood proteins compared  to 
the  number  of  whole  plant  proteins  that  could  be  studied  still is  by 
two  orders  of  magnitude.  Nevertheless,  food.  feed,  fibres,  wood, 
drugs.  solar  energy  capture  all  are  derived  from  plant  essential 
features,  which  are  exploited  merely  on  empirical  bases.  It  is  un-
thinkable  that  the  significance  of  any  of  these  functions,  and  pro-
ducts  thereof,  may  fade  away  in a  foreseeable  future. 
9.  221 The  situation worldwide is however  rapidly changing,  and  a  new  deal in 
plant  sciences  is  about  to  be  established.  The  dramatic  leap has  come 
from  the  implementation of  new  research  tools  such  as cell culture and 
regeneration  methods,  T-DNA  transfer  systems,  site-directed  muta-
genesis.  molecular  probes  for  genes  and  gene  expression,  etc.  The 
rapid  arrival  on  the  market  side  of  unconventional  products  with  a 
high  profile  (engineered  symbiotic  agents,  seeds  with  specific 
resistances)  raised much  industrial interest, resulting in substantial 
restructuration of  the  agriculture-based  industry.  What  is  occurring 
in the United States and  in Japan is particularly significant. 
The  world  scene 
American  teams  have  been  very  fast  at  applying  the  whole  panoply  of 
molecular  tools  mentioned  above,  to  build  up  leading  expertise  in 
plant  gene  expression  and  plant  development.  They  recorded  many  world 
firsts over the  last  3 years,  such  as  creating the first tobacco  with 
an  engineered  resistance  to  mosaic  virus,  the  first  tomato  with  an 
engineered resistance to the hornworm,  the first transgenic  sunflowers 
and  oil  seed  rapes,  the  first  chloroplast  genetically  transformed, 
etc.  This  race  towards  meaningful  research  achievements  has  been  made 
possible also  because  many  industrial companies  participated directly 
in the effort.  Besides  the expected  seed  and  agro-chemical firms  that 
were  first  in  the  business,  several  pharmaceutical  and  oil companies 
among  the  major ones  started  to have  significant "green"  commitments, 
starting  from  the  purchase  of  local  seed  companies  to  secure  the 
access  to  genes.  They  have  also  contracted  research  to  universities • 
although  to  a  lesser extent  than in the  pharmaceutical field. 
One  of  these  big  companies  is  even  known  for  having  established  in 
Europe  more  contracts  with  universities  in  the  EC  than  was  possible 
through  the  BEP  Community  programme  during  the  same  period.  Other 
forms  of  research  commitments  have  been  flourishing,  such  as  the 
purchase of  small  R&D  service companies,  the reinforcement of  in-house 
research  capacities or  the  participation in consortia.  Established  in 
1986,  the  Midwest  Plant Biotechnology  Consortium  in particular brings 
together the expertise of  14  universities and  the driving forces of  31 
industrial  companies  (including  from  pharmaceutical  and  electronic 
sectors)  for  target-oriented  research  in  the  field  of  agricultural 
biotechnology.  The  research  environment  is particularly  favourable  in 
the  US  because  of  market  prospects  (5  billions $  for  seeds,  and  the 
projection to  100  billions  $  in 1995  for all biotechnology products in 
agriculture),  and  after favourable provisiOns  had  been  made  in 1985  by 
the  US  Patent  and  Trademark  Office  for  granting  patent  protection  to 
plant  varieties,  including  those  resulting  from  genetic  engineering. 
The  only  pitfall before  modified  agricultural  species  are  brought  to 
the  field  and  new  bio-rational  practices  implemented  in  agriculture 
stays  with  the  question  of  conjectural  risks.  Pressure  groups  have 
caused  prejudice  to  the prosecution of experimental work,  and  federal 
agencies  have  not  yet  been able  to  control  the  situation.  This diffi-
culty,  which was  particularly amplified in the  US  where  public debates 
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competitive advantage if only the  Community  was  able  rapidly  to define 
common  regulations  for  the  introduction  of  modified  organisms.  How-
ever,  irrespective  of  the  somewhat  confused  regulatory  status.  the 
USDA  makes  now  provisions  for  a  substantial  support  to  basic  plant 
research.  Although  it accounts  for  only  6%  of  the  Federal  budget. 
ranking  third  after  NIH  and  NSF  in  biotechnology  spendings,  USDA  has 
constantly  increased  its  biotechnology  budget  since  1982.  Its  new 
Plant  Science  Centres  (10 million $  in  1987)  have  been  set  up  to 
encourage  the  best  in  basic  plant  research.  These  will  address  the 
areas  of  plant  engineering,  rhizosphere  dynamics,  carbohydrates  and 
ecological  processes  in priority.  Cooperation  and  multidisciplinarity 
are  the  major  ingredients 'of  the  new  rec.ipe,  which  provides  evidence 
for  the  real obstacle  which  American  plant  biotechnology  is  facing  : 
the  lack  of  a  basic  understanding,  at  physiological  and  molecular 
levels,  of  the make-up  of agricultural species. 
Japanese  plant  biotechnology  is  not  less  spectacular,  although  it 
could give the impression of  being more  limited in scope. 
A  major  strong  point  in  Japanese  plant  science  has  always  been  the 
study  of  secondary  metabolites.  Apart  from  describing  the  structure, 
biosynthesis  and  physiological  functions  of  these  compounds,  a  large 
effort has  been put  in increasing their production.  This was  attempted 
through  plant  breeding  and  through  plant  cell  culture.  In  Japan  so 
many  groups  were  and  are  still involved  in  this  approach  that  they 
have obtained  an unique technological skill, non existing in any other 
country.  Now  that  improvement  of  plant  cell  lines  for  secundary 
metabolite  production  will  become  possible  through  genetic  engineer-
ing,  their  capacity  for  plant  cell  fermentation  will  in  the  near 
future  give  Japan  a  leadership  in  the  production  of  these  compounds, 
which  can  be  of  the  highest  importance  to  the  fine  chemical  industry 
and  the pharmaceutical industry. 
Due  to  the  strategic importance  of  agriculture,  Japan also  has  a  long 
lasting interest in developing crop  improvement  facilities.  At  present 
the  major  effort  is  geared  towards  rice,  wheat,  bar~ey  and  soybean. 
The  future  trend  will  be  to  include  rapeseed.  Their  present  major 
successes  are  in  adapting  the  gene  transfer  techniques  to  new  plant 
species.  With  these techniques,  they have  been particularly successful 
in  engineering  different  rice  cultivars.  At  present  it  is  the  only 
country  where  in  some  institutes  and  companies  one  can  find  green-
houses full of engineered rice plants. 
Outstanding  research  is  also  carried  out  in  the  laboratories  of 
different  big  industries.  Each  year  the  best  students  of  the  major 
universities are contracted  by  the  leading  industry.  All  have  started 
in-house  plant  biotechnology  research,  some  have  even  purchased  seed 
companies  in  Japan  and  abroad.  Likewise  other  parts  of  the  developed 
world,  this move  is  seen not  only  on  the side of  the  traditional  food 
industry  or  agricultural  companies,  but  also  by  the  major  chemical 
companies.  the  fibre  and  paper  companies,  oil  companies  and  even 
cement  and  electric industry.  Most  are active  in research  and  produc-
tion of  several major  crops  (rice,  wheat,  beans,  even corn)  vegetables 
(tomatoes,  potatoes,  cabbage)  but  also  fruits  (citrus,  melon,  straw-
berries,  grapes),  medicinal plants and  ornamentals. In  summary.  with  a  much  larger  number  of  skilled  scientists  and 
technicians  than  the  whole  of  the  EEC  countries  •.  Japan  is well  pre-
pared for  a  major biotechnology effort. 
Their weakness  stems  from  the  fact  that  developed  skills are  ~ot much 
used  for  asking  fundamental  questions  in plant  molecular  biology.  And 
yet,  the  fruitful  applications  of  gene  transfer  techniques  depend  on 
e.g.  cell regeneration through organogenesis or embryogenesis.  Success 
in  gene  isolation  relies  on  high  standards  in  molecular  biology 
techniques  and  also  on  a  proper  understanding  of  plant  physiology  to 
characterise  the  required  gene  product.  Quite·some  fundamental  know-
ledge is still needed  to optimise the current effort. 
The  role of  Europe 
Even  in  a  fast  moving  world.  Europe  has  up  to  now  been  able  to 
maintain  a  leading  position  in  plant  biotechnology.  owing  to  the · 
activity of  pioneering  groups  and  to  the  promotion effect of .national 
and  Community  programmes.  As  a  result,  European  achievements  can 
compare  very  favourably  with  those  of  the  US.  The  first  ronocots 
(onion.  daffodil,  asparagus  and  rye)  were  genetically  transformed  in 
Belgium,  Germany  and  the  Netherlands;  the  first  receptor  of  a  plant 
hormone  cloned  in  Germany;  the  first  nitrogen-fixing  heterologous 
Rhizobium  in  association  with  an  engineered  legume  in  Denmark;  the 
first regulatory gene of a  storage protein cloned in Italy from maize, 
etc. 
EEC  Member  States have  been very fast at using  this momentum,  as  they 
reinforced  or  even  frequently  created  numerous  laboratories  and 
centres  for  plant  research.  The  Community  placed  itself  at  the 
forefront  of  the  area.  but  it must  make  sure  the  benefits will  stay 
with it. Losing competitiveness in this phase of  rapid expansion would 
result in a  loss of opportunities  to ·exploit imagination.  In addition, 
it is of  particular advantage  that this European  impetus  can be  tuned 
and  amplified  by  capitalising  on  the  experience  from  the  ColDIDUnity 
progra.nune  for  biotechnology  R&D  (BAP  :  1985-89).  BAP  was  very  well 
received  and  provided  a  reliable  test  for  the  interest  and  promises 
which lie with the scientific and  industrial communities  in this area. 
The  pattern and  development  of industrial interest parallels very well 
that  observed  in  the  US  and  Japan,  crossing all  traditional  branches 
of industry.  After  a  period  of  hesitation in the  early eighties,  when 
small  R&D  companies were flourishing in the States,  there are now  many 
indicators  of  an  intense  and  far-looking  industrial  activity  by 
established Europem1  firms  : 
- recruiting  university  staff,  particularly  massively  the  last  five 
years; 
- setting  up  new  in-house  biotechnology  laboratories,  in  almost  ... all 
branches of bio-industry; 
- restructuring quite intensively the market; 
- joining new  repres2ntative bodies  (EBCG,  GIBiP); 
-cooperating ·in  research  (BAP,  EUREKA,  Clubs,  etc.); 
-· supporting  basic  research  (European  Institute  of  Technology  EIT, 
private foundations,  etc.); 
- buying  American  seed  and  R&D  service companies. 
2 2  4  12. About  25  companies  of  various  sizes  and  professional  affiliations 
joined  a  new  club,  the Green  Industry  Biotechnology  Platform  (GIBiP), 
to  interface with  the  public,  consumers  and  regulatory  bodies,  and  to 
develop  common  ideas  in  the  fields  of  research  and  intellectual 
property.  Their expectations are  for  a  major  European effort in plant 
biotechnology and  for harmonised  regulations allowing research results 
to  be  applied  in  Europe  and  preferably  not  on  other  continents 
systematically. 
Community  needs  and  opportunities 
The  foreseeable  applications  which  could  promote  the  welfare  and  the 
competitiveness  of  the  Community  would  fall under  three  policy objec-
tives  : 
agricultural competitiveness, 
environmental  care,  and 
consumer safety. 
Comrmmity  agriculture  is  faced  with  the  urgent  need  to  increase  its 
competitiveness  while  keeping  in  harmony  with  the  environment.  Both 
objectives,  competitiveness  and  environmental  protection,  can  be 
either antagonistic  as  they might  have  been occasionally  in  the past, 
or  preferably  compatible  when  based  upon  judicious  technological 
options.  The  reconciliation  of  these  equally  important  issues  stays 
with  the  right  balance  of  "bio-rational"  to  chemical  practices  in 
agriculture.  That  is  to  say with  the design of  alternative methods  in 
plant  nutrition  and  crop  protection  that  would  base  productivity  on 
genuine  biological  processes  under  genetic  control,  rather  than  on 
external  supply  of  chemical  fertilizers  or  pesticides  exclusively. 
This  "bio-rationality"  is  becoming  .more  conceivable  with  the  advance 
of modern biotechnology and  the demonstration that early applications, 
such  as  microbial  fertilizers  or  in-built  genetic  resistances,  are 
already becoming  feasible. 
ThJough  the  pervasiveness ·of  molecular  approaches,  more  attention  can 
also  be  given  to  the  molecules  of  quality,  those  associated  with 
innocuity,  flavour,  nutritional  value,  texture,  etc.  of  many  plant 
products.  If one could identify  them,  control their synthesis and  tune 
their  functional  activity,  the  molecules  of  quality  would  make  the 
real difference  between  a  surplus  and  a  deficit crop  :  e.g.  between  a 
surplus  barley of  low  feeding  value and  a  deficit  barley more  adapted 
to  animal  diet;  between  a  surplus  wheat  of  poor  baking  quality  and  a 
high gluten wheat  as  demanded  by  the miller's trade,  •••• Quality and 
precise  characteristics  will  increasingly  become  the  discriminating 
factors  of  plant  products  on  the  market  side,  and  biotechnology  is 
giving  a  new  opportunity  to  focus  on  molecular  determinants  of  these 
parameters. 
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species  of  the  agricultural  environment  c·an  be  monitored  and,  hence, 
predicted as  they never could before.  This should permit real ecologi-
cal  management  of  land  uses  •. in  both  the  short  term  and  long  term 
interests of  Community  citizens. 
In  order  to  apply  the  results  of  modern  biology  to  these  ComURinity 
policy objectives,  the  Commission  has  formulated  new  programmes  aiming 
to  promote  the  relevant  developments.  What  is  required  is  a 
collaborative  effort,  not  only  multinational  (as  in  any  Community 
programme),  and  multi-disciplinary,  as  is  usual  in  biotechnology,  but 
in  particular  based  on  closer  partnership,  in  R&D,  between 
agriculture,  industry  and  science.  Such  is  the  aim  of  the  ECLAIR 
programme·  (European  Collaborative  Linkage  of  Agriculture  and  Industry 
through Research  :  80  MECU,  ·1988-1992).  The  biolOgical advances  can  be 
used  to  enable  agriculture  to  develop  products  (of  plant,  animal  or 
other origin), better adapted  to market needs  (fo'od  and,  increasingly, 
non-food)  ;  thus  opening  up  new  growth  opportunities  for  European 
agriculture,  promoting  competitiveness  and  respecting  the  need  to 
maintain and  enhance  the environment. 
A  related  programme,  FLAIR  (Food-Linked  Agro-Industrial  Research,  25 
MECU,  1989-1993),  similarly applies  the fruits  of modern  biology,  but 
with  a  particular  emphasis  on  the  interface  betwwen  the  food 
production  system  and  the  consumer.  The  keywords  are quality,  safety, 
nutrition,. and  the application of  the new  technologies  to  these ends.  : 
These  programmes  of  feasibility  research  and  development,  looking  at 
possible exploitations of  biotechnology breakthroughs at the interface 
of  agriculture,  industry  and  the  environment,  have  evolved  in  close 
connection  with  the  Com1111nity  prograunnes  of  biotechnology  R&D  (BAP  : 
1985-89,  then  BRIDGE  :· 1990-94).  The  programme  BAP,  in particular,  is 
placed at the fore-front of  research and will find in ECLAIR,  FLAIR  or 
the  programme  for  coordination of  agricultural  research,  the  logical 
receivers of  the  type of  enabling techniques  or instrumental knowledge 
that  is  created.  Conversely,  the  application-oriented  programmes 
constitute the· testing ground  where  bottlenecks are identified and  can 
very  app-ropriately  feed  back  scientific  ideas  into  the  more  basic 
ones. 
At  this  stage,  the  point  will  be  made  that  none  of  the  existing 
programmes  of  the  research-development-application  line will  for  ever 
perform  as  they  did  throughout  the  eighties,  without  caring  for  the 
necessary  forward  thinking  into  the  principles  of  life which  underly 
biological sciences. 
None  of  these objectives of  Community  significance can  be  reached just 
by  extrapolating the ongoing  research effort. Scientific and  technical 
obstacles  have  now  shifted  from  the  technological  end  to  the 
biological  end  of bio-technology. 
In  the  same  way  as  biotechnology  R&D  activity  and  agro-industrial 
research  mutually  enhance  each  other,  there  need  to  be  a  stronger 
commitment  into  basic  areas  where  knowledge  is  expected  to  become 
limiting  for  further  expansion  of  biotechnology  to  take  place 
eventually. 
14. 
226 This is a  job  for  Europe 
Genetic  and  molecular  techniques  have  attracted  attention,  they  have 
become  particularly  precise  and  powerful,  but  they  still  can  be 
applied  only  to  the  emerged  side  of  the  iceberg  which  represents 
living  matter.  The  hidden  principles  regulating  plant  functions  and 
metabolisms  now  need  to  be  elucidated,  before useful work  can  proceed 
at  a  scale  of  macro-economic  significance.  Know-how  has  outstripped 
knowledge,  so  that  technology  will  be  limited  in  scope  until  techno-
logy  has  served  the  purpose  of  producing  the  necessary  understanding 
of agricultural objects;  what  could  also  be  called  "new  plant  physio-
logy". 
Five major areas are proposed  for joint research in Europe 
flower  induction,  gamete  development  and  sexual  recognition 
processes 
control of  plant cell development  and  morphogenesis 
information at plant-microbe interfaces 
genetic and  metabolic controls of quality traits 
molecular  investigation  of  the  genome  of  Arabidopsis  thaliana 
as  model  for  all  plant  genomes  and  reservoir  of  gene  probes 
(chromosome  isolation  and  sequencing,  cloning  of  large  frag-
ments  and  complementation  systems,  transposon  mutagenesis, 
homologous  recombination). 
Each  of  these  areas  has  specific  bearing  on  activities  in  seed  or 
process  industry.  Underlying  these  focal  points  of  interest,  common 
biological  processes  of  the  basic  cell  machinery  will  have  to  be 
addressed  in priority  :  signal perception/transmission,  regulation of 
development,  genome  organisation,  gene-function  relationships.  The 
horizon·  of  the  researcher  in  plant  molecular  biology  is  opening  up 
into  a  revised vision of plant cell physiology,  e.g.  how  genetic units 
are  set  into  motion  through  molecular  interactions  with  either 
adjacent  cells  or  the  environment;  and  how  the  regulated  genetic 
programmes  lead  to  new  metabolic  functions  which  support  the 
expression of  so  many  plant  features  for  agriculture  and  industry.  An 
adequacy  of  physiological/  biochemical  knowledge  with  the  extended 
array of  new  analytical/ genetic techniques at molecular level is what 
pressingly  calls  for  the  convergence  of  multiple  skills  and 
wide-ranging  cooperation  schemes.  At  present.  the  developed  skills 
must  be  used  for asking the  fundamental  questions  of  plant physiology, 
before meaningful applications  can be  further devised. 
Significantly enough,  this is an analysis which  closely meets  American 
and  Japanese  science  evaluations.  Europe  must  neither  be  bypassed  by 
the  expanding  knowledge  base  of  others  who  are  conducting  strong 
actions  in  this  area,  nor  be  overruled  in  strategic  discussions  on 
genetic  resources  (cf.  also  section  C  Diversity  of  genetic 
resources).  It must  hold  a  strong  negotiating  position when  defining 
the  new  international distribution of  research  tasks,  or  the  needs  to 
rationalise  networks  of  biological  resources,  the  latter  with  the 
participation of Lome  Treaty countries in particular. 
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C  Diversity of genetic resources 
Plant resources 
The  _production  of  biotechnological  innovation  will  be  limited  by  the 
ability of  scientists  to  capitalise on genetic variability. The  access 
to genetic resources  and  to gene banks  will become  the major  factor of 
a  continuing  progress.  Thirld  World  countries  will  therefore  take 
advantage  of  their  strategic  position in  the  tropical  areas  as  being 
the hosts  of most living species on  the earth.  They  sit on  a  reservoir 
of  genetic  variability  that  attracts  C:onsideraple  interest.  To  take 
just an  example.  a  major  seed  company  recently provided  the  USDA  with 
1.5  million  $  to  inventorise  and  collect  20,000  genotypes  and  wild 
species of  maize  in South America. 
16.  2  2 8 The  position of developing countries sometimes appears contradictory  : 
on  the  one  hand,  they  would  like  to  maintain  a  free  international 
exchange  of  plant  genetic  resources  for  the  benefit  of  their  own 
agriculture;  as  a  matter  of  fact,  they  would  fear  that  the  best 
adapted  genetic  material  could  result  from  the  breeding  work  of 
laboratories  in  the  North  and  be  made  accessible  to  them  under 
restrictive  conditions.  The  executive  director of  the  United  Nations 
Environment  Programme  (UNEP)  warns  "the  control  and  patenting  of 
biotechnology  applications  (including  modified  plants)  by  the 
developed  countries  could  further  disadvantage  developing  countries". 
But,  on  the  other  hand,  developing  countries  would  consider  it 
desirable  to  control  and  possibly  regulate  the  export  of  genetic 
resources  from  their  territories.  The  FAO  conference  has  always 
supported  the  adoption  of  an  international  agreement  for  the 
preservation  and  exploitation  of  world  plant  genetic  resources. 
Industrialised  countries  have  however  raised  opposition  against  what 
they  would  consider  over-regulation  in  the  field,  which  is  already 
under  the  competence  of  the  International  Board  for  Plant  Genetic 
Resources  (IBPGR}. 
The  scientific  community  now  enters  the  political  debate  by  raising 
the  threat  of  a  rapid  erosion of  plant  genetic  resources  :  within 10 
years,  thousands  of  plant  species  will  unavoidably  disappear.  The 
proposal  to  set up  a  world  gene  bank gets substantiated,  but does  not 
receive  an  American  approval  because  of  the  existence  of  a  national 
collection in the US. 
The  International  Board  for  Plant  Genetic  Resources  (IBPGR), 
established  since  1974  by  the  Consultative  Group  on  International 
Agricultural  Research  Centres,  has  pursued.  as  an  objective  the 
promotion of  international networks  of genetic resource centres. 
Collection,  conservation,  documentation,  evaluation  and  use  of  plant 
germplasm  are  the  activities  this  organization  intends  to  cover 
worldwide.  IBPGR  can  be  praised  for  significant  and  impressive 
achievements.  Its  relationships  with  FAO  have  however  proven  to  be 
contentious  and,  technically,  much  is  left  to  be  desired.  With  very 
few  exceptions  (rice,  sugar  cane,  potato.  alfalfa  ••• ).  the 
acquisition, maintenance  and  evaluation of  major world  crops is  simply 
not organized  and  the breeders collections,  ne~t to  being private,  are 
indeed  under  risk  that  they  get  disrupted  or  lost.  The  evaluation  of 
the  germplasm  and  its  utilization,  necessary  to  sustain  breeding 
activities,  is  not  carried  out  properiy.  This  would  require  an 
international  agreement  on  an  integrated  catalogue  with  meaningful 
descriptors  collection  sites,  ecological  characteristics, 
stress/resistance  behaviour,  agronomic  traits,  using  more  and  more 
molecular probes  and  chemical signatures in conjunction with botanical 
descriptions  as  becomes  possible.  This  information  system  should 
obviously  be  computerized. 
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sequences.  expected  to  become  available  at  an  accelerated  rate.  Gene 
banks  should be  designed in a  way  to facilitate the  search  for  desired 
genes  in  gemplasm  collections.  Biotechnology  is  providing 
opportunities  to  increase  the  functionality  of  offsite-maintained 
plants.  particularly  through in vitro culture,  biochemical blueprints 
and,  may  be  more  futuristic:-the  preservation  of  isolated  genetic 
information  in  the  form  of  DNA  or  RNA.  The  applications  of  rDNA 
technology  to  germplasm  evaluation  and  management  have  hardly  began, 
but are likely to become  of  increasing importance. 
In  Europe.  awareness  of  species  diversity  is  growing  and  is  giving 
raise  to discrete initiatives.  A European  Standard  List of  Animal  and 
Plant species has  been set up  by  the Council of  Europe.  The  production 
and  standardization  of  species  diversity  checklists  and  the· 
development  of  species  diversity  database  networks  is  the  first 
priority.  But  taxonomic  work  goes  on  declining  further  in  academic 
institutions  and  it is becoming  an  urgent  task to  revitalize this  key 
discipline of  the life sciences by  having it revisited,  in particular, 
with the contribution of molecular biology. 
Animal  resources 
In  contrast  to  the  breeding  situation  in  Japan  and  the  USA.  the 
selection of  races of domestic animals  in Europe  has developed  into an 
outstanding  tradition  for  hundreds  of  years.  This  has  led  to  the 
development  of  many  valuable  animals  adapted  to  many  useful 
productions  under  different  environmental  conditions.  However,  due  to 
an  immediate  competitivity  requirement,  there  is  a  clear  tendency  for 
these  races  to  disappear,  replaced  by  a  small  number  of  uniform ones, 
highly selected  for  massive  productivity  in  an  artificial environment 
and  depending  on  supplied  feed.  In order  to  preserve this exceptional 
genetic capital now  in danger,  it would  be worth  improving  the methods 
of genetic preservation of  embryos  and  collections of  them. 
Ecological monitoring 
The  ignorance of  the  true  taxonomic  structure of natural microflora is 
a  critical  deficiency  in  our _current.  knowledge.  The  majority  of 
bacteria  present  in  a  given  ecosystem  are  not  readily  cultured  in 
vitro  and  are  experimentally  silent.  Hence  the  inability  to  identify 
and  classify  satisfactorily  a  substantial  proportion  of  those 
microorganisms.  The  dynamic  interaction  of  microorganisms  in 
particular ecosystems  cannot  be  analyzed  properly,  although it is  now 
expected that molecular microbial ecology should allow,  in conjunction 
with  sophisticated  instrumentation  for  data capture  and  automation of 
microbial  identification,  new  insight  into- the  functioning  of 
ecosystems. 
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microorganisms,  and  especially  for  those  composing  biotechnologically 
important  ecosystems.  Analytical  instruments  with  higher  resolving 
power  (gas  chromatography,  mass-spectrometry  ••• )  need  to  be  further 
improved  to  work  on  very  large  numbers  of  isolates.  The  data  must  be 
evaluated  and organized into adequate information base. 
What  is  urgently  needed  in  Europe  is  the  organization  of 
multidisciplinary  groups  capable  of  exploiting  new  technologies  and 
molecular  methods  and  of  applying  them  to  integrated  studies  of 
microbial  ecology  in  target  ecosystems,  especially  those  susceptible 
of  being  subject  to  new  agricultural  practices  or  introduction  of 
foreign species.  The  priorities would  be  : 
- instrumentation 
identification; 
for 
- banks  of specific probes; 
high  resolution  automated  microbial 
- monitoring,  at molecular level, of  gene  flows  in microcosms; 
- standardization of model microcosms; 
- microbial interactions in ecosystems moved  away  from  equilibrium; 
- relation  of  microbial  processes  to  the  overall  flux  of  energy  and 
matter; 
ecosystem  modelling  with  predictive  capacity  in  the  event  of  a 
perturbation. 
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Over  one  thousand  journals  today  bear  witness  to  the  scale  of 
scientific  and  biomedical  activities  conducted  under  the  heading  of 
"Immunology".  In presenting a  brief resume  of  the current situation in 
this  complex  and  fast-advancing· biological  discipline,  three  aspects 
should  be  highlighted.  Firstly,  as  a  fundamental  science,  immunology 
has  provided  basic  research with many  challenging  problems.  A central 
issue  has  been  the  basis  for  the  diversity  of  antibodies,  the 
mechanism  by  which  an  organism  has  the ability  to  produce millions of 
different  antibody  molecules,  with  a  relatively  low  number  of  genes. 
Secondly,  immunology  is  highly  implicated  in  medicine  (especially 
prophylaxis)  with,  for  example,  a  predominant  role in  defence  against 
bacterial,  viral  and  parasitic  attacks.  Thirdly,  immunology  provides 
exquisitely  specific analytical tools,  finding  practical  applications 
in  many  fields  and,  especially,  since  the  discovery  of  monoclonal 
antibodies.  These  have made  it possible very cheaply  to  detect  and  to 
quantify  viruses,  bacteria,  parasites  and  the  presence  of  specific 
molecules  such as hormones,  toxins or pollutants. 
During the recent years,  immunology  has brought  a  huge  contribution to 
science.  Since  1980,  immunological  research  has  been  rewarded  with 
three Nobel Prizes out of eight attributed in physiology  and  medicine 
(1980  :  B.  Benacerraf.,(EU);  J.  Dausset,  (F);  and  G.D.  Snell  (EU)  -
1984  :  N.  Jerne  (DK};  G.  KOhler  (FRG)  and  C.  Milstein  (UK}  - 1987  : 
s. Tonegawa  (J). This demonstrates  the exceptional vitality and  impact 
of immunology  on medicine and  science. 
Immunology  is a  widely  dispersed  discipline.  It is  based  on  teams  of 
collaborating  researchers,  grouped  in  university  departments  or 
institutes  of  relatively  modest  size  (10  to  100  people),  and  having 
high competence in biochemistry, molecular biology and  medicine. 
Certainly,  the  best  immunological  research ·is  conducted  in  the  United 
States,  which  has  the  largest  number  of  research  groups.  The  quality 
of  their  work  is  greatly  assisted  by  the  excellence  of  the  research 
infrastructure,  as  exemplified  by  the  collection of  cultured  cells. at 
the  ATCC  (American  Type  Culture Collection), or  the  Jackson  collection 
of  mice  which  have  no  equivalent  eisewhere  in  the  world.  There  are 
excellent  teams  in the u.s.  in every sector of  immunology. 
The  development  of  immunology  in Japan  is relatively recent.  However, 
they  possess  many  teams  of  high  quality  such  as  that  of  T.  Tada 
(working  on  T  suppressor  lymphocytes  and  lymphokines)  in  Tokyo,  T. 
Kishimoto  (B  cell  stimulatory  factors)  and  T.  Honjo  (molecular 
genetics  of  the  .immunoglobulin  synthesis  and  T  cell  receptor)  in 
Osaka.  Immunology  has  progressed  extraordinarily quickly  in Japan,  and 
it is difficult  to  predict  its  development  in  the near  future,  owing 
to  the  potential  which  lies  with  a  young  generation  immunologists, 
mostly trained however  in the United States. 
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immunology.  The  present  situation  in  both  basic  and  clinical  or 
applied  immunology  is  rather  good,  with  highly  qualified  teams  :  but 
the most  competitive studies,  requiring  large contributions of  genetic 
.engineering,  are  located  in  the States or in  Japan  (T  cell receptors, 
interleukins  ••• ).  Non-Community  countries,  such as  Sweden,  Finland or 
Switzerland,  have  excellent  immunology  research.  A major  contribution 
to  immunology  has  been  the  establishment  in Switzerland  of  the  "Basel 
Institute for  Immunology".  This institute is entirely devoted  to  basic 
immunology  and  is totally supported  by  the private pharmaceutical firm 
Hoffmann- La Roche. 
Unfortunately,  European  efforts  and  results  have  very  often  been 
developed  and  exploited  in the United  States before  being  employed  in 
Europe  :  monoclonal  antibodies  are  one  of  the  most  striking examples. 
The  Nobel-prize-winning  discovery was  made  in  Cambridge,  England;  but 
US  commercial  firms  (Hybritech,  Becton  Dickinson,  Ortho-Diagnostics) 
have  taken  the  largest  part  of  the  market  (for  example,  monoclonal 
antibodies for  human  lymphocyte typing). 
The  Commission  of  the  European  Communities  has  already  recognised  the 
importance  of  immunology  and  supports  research  involving  this 
discipline in programmes  such as the "Biotechnology Action Programme", 
."Stimulation",  "Medical Research"  and  "Tropical Medicine".  This effort 
is considerable  and  can  contribute  to  the  progress  of  immunology  and 
its application.  Nevertheless,  this effort is dispersed and  aims  at  so 
many  goals  that it cannot  be  considered  as  a  significant  contribution 
to immunology. 
Many  major  problems  in applied  immunology  remain  unsolved  :  such  as  a 
better evaluation of the potential of  the human  immune  system  ;  better 
control of  immunosuppression in order to  improve  the  success of  heart, 
liver,  or  other  organ  grafts;  the  production  of  human  specific 
antibodies  against  many  aggressive  agents  (virus,  bacteria,  toxins, 
chemical  drugs  ••• );  improvement  in  the  treatment  of  autoimmune 
diseases,  etc. 
A  basic  challenge  currently  facing  immunology,  is  to  improve  the 
presentation  of  antigens  to  organisms  in  order  to  get  strong  and 
longlasting  immunities.  Very  promising  progress  in  virology  (for 
example  tn  understanding  the  AIDS  virus)  and  in  parasitology  (the 
major diseases  in the world  are parasitic) have  been achieved,  leading 
to  a  better understanding  of  these  infectious  agents.  However,  to  be 
transformed  into  effici.ent,  safe  and  cheap  vaccines,  the  new 
engineered  substances  must  meet  the  requirements  of  the  immune  system 
in order  to  be  effectively  recognized.  Those  requirements  are  still 
poorly  understood.  A collaborative effort  in  Europe  on  such  a  subject 
could  be  a  valuable  contribution  to  the  improvement  of  the  major 
problems  of  human  (and  veterinary) medicine  as well as  a  considerable 
help to pharmaceutical firms  developing vaccines. 
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The  study  of  the  human  brain  and  nervous  system  includes  a 
multiplioity  of  disciplines  £rom  physics,  chemistry  and 
information  science  to  zoology•  psychology  and  medicine.  All  of 
these  areas  contribute  to  the  understanding  of  the  nervous  system 
£rom  a  cellular,  molecular  and  biochemical  point  o£  view  as  well 
as  going  same  way  to  elucidate  the  higher  brain  functions  such  as 
problem solving language and memory. 
How  the  brain  £unctions  bas  been  the  subject  of  intense  interest 
ever  since  it  was  recognised  as  the  centre  for  intelligence, 
thought  and  sentiment.  The  scientific  study  o£  the  brain  began  in 
the  early  part  of  the  last  certUary  when  certain  brain  functions 
were  pinponted  and  the  nervous  tissue  found  to  be  composed  of 
individual  cells  (neurons).  Neuroscientists  are  still  however 
working  on  the  study  of  many  o£  the  more  complex  processes  of  the 
brain  such  as  memory,  how  sensory  information . is  interpreted  and 
the  processes  involved  in  voluntary  movement.  Some  of  the  work 
being  carried  out  will  have  direct  applioa_tion  to  the 
understanding  and  possible  treatment  of  certain  neurological 
disorders.  The  brain's  incredible  computer  power  his  become  a 
major  subject  for  research  with  scientists  hoping  to  emulate  some 
of  its  capabilities  in  the  building  of'  'neurocomputers' 
computers whose structure is based on that of the brain. 
Neui:obiologioal Research 
The  diverse  topics  being  undertaken  in  neurobiological  research 
are  an  indication  of  the  complexity  of  the  subject.  Considerable 
breakthroughs  have  been  made  in  recent  years  in  the  f'ields  of 
molecular  cellular  and  intercellular  analysis  of'  the  nervous 
system.  In  particular,  scientists  have  been  successful  in 
identifying  and  isolating  the  specUio  molecules  responsible  for 
the  transmission  of  an  impulse  from  one  neuron  to  another .  and  the 
complex  processes  involved  in  the  modulation  or  control  of'  the 
nerve  response.  While  neurotransmitters  are  produced  in  minute 
quantities  in  the  neurons,  using  recombinant  DNA  techniques,  they 
can  be  generated  in  sufficient  -quantities  to  be  studied  in  detail 
using  protein  sequencing  methods.  This  information  is  necessary 
to  provide  a  full  understanding  o£  the  chemical  basis  to  the 
nervous System. 
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234 Neurobiology  .has  benefitted  from  several  interdisciplinary 
successes  enabling  t.he  study  of  the  nervous  system  both'in-. 
vitro'  and  'in-vivo'.  The  bringing  together  of  molecular  biology 
and  genetic  engineering  has  permitted  the  study  of  nerve  cells  in 
culture  where  t.he  environmental  conditions  required  for  their 
growth  and  function  have  been  identified.  These  techniques  have 
also  brought  to  light  the  mechanisms  by  which  neurons  identify 
each  other  and  form  their  complex  interconnections.  Cell  culture 
is  currently  being  used  in  the  study  of  how  myelinating  cells 
(those  specialised  cells  which  insulate  neurons  and  allow 
impulses  to  be  conducted).  may  be  transplanted  to  victims  of  such 
diseases  as  multiple  sclerosis  where  myelination  has  broken  dowon 
in this way. repair may be possible. 
The  observation  of  the  brain  in-vivo  using  scanners  has  been 
possible  since  the  early  1970's.  Conventional  X-rays  are  coupled 
to  a  computer  which  reconstructs  multiple  images  of  the  brain. 
The  technique  of  Nuclear  Magnetic  Resonance  (N.M.R.)  is  one  of 
the  most  recent  tools  available,  providing  exceptionally  high 
quality  images  based  on  the  magnetic  properties  of  the  brain 
tissue.  While  these  tec1miques  allow  the  anatomical · study  of  the 
brain,  researchers  are  working  on  the  development  of  magneto-
encephalography  a  technique  which.  by  detecting  the  changes  in 
electr!cal  act1v1ty  of  the  neurons  w!ll  help  to  identify  diseases 
such  as  epilepsy  whose  causes  evade  other  invasive  diagnostic 
tools.  There  .have  also  recently  been  developments  in  the  use  of 
radio-labelled  substances  injected  into  the  bloodstream  which  are 
traced  by  a  detector  coupled  to  a  data-processor.  This  technique 
provides  1nformat1on  comparable  to  that  of  a  scanner  but  in 
addition.  1nformation  on  the  complex  blood-brain  barrier.  A  whole 
series  of  radiotracers  now  exist  which  help  in  the  identification 
of  thromboses.  blockages.  haemohorrages.  eat.  It  is  envisaged 
that  by  combining  the  results  of  these  examinations  surgeons  will 
be  able  to  carry  out  surgery  with  the  maximum  amount  of 
prec!sion. 
Neuroaomputing 
Since  the  1940's  parallels  .have  been  drawn  between  the 
functioning  of  the·  human  brain  and  computing  machines.  Attempts 
to  emulate  the  brain  have  proved  largely  unsuccessful.  In  recent 
years  however.  there  has  been·  an  explosion  of  enthusiasm . and 
investment  in  the  United  States  and  Japan  in  the  possibility  of 
developing  neurocomputers.  In  the  Un1ted  States,  in  particular. 
federal  agencies.  universities  and  private  companies  are  making 
!mportant f!nancial commitments  .. 
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235 Scientists  are  hoping  that  through  the  understanding  of  the 
functioning  of  the  brain  they  can- build  a  neurooomputer  a 
computer  which  is  structured  like  the  brain  and  which  like  the 
brain  can  learn  for  itself  without  programming.  The  way  in  which 
the  brain  prooesses  information  is  extrod.inarily  efficient  and  it 
is  envisaged  that  neurooomputers  would  be  vastly  superior  to 
conventional  mao.hines.  The  brain  differs  from  ordinary  computers 
in  several  important  ways  including  its  ability  to  carry  out 
simultaineous  prooessing,  learning  and·  active  reasoning.  While 
computers  have  been  trained  to  play  chess  at  world  level,  to 
rediscover  important  physical  principles,  such  as  Ohm's  law  and 
to.  answer  questions  on  the  unstated  implications  of  information 
fed  to  them,  they  are  a  long  way  from  being  considered 
'intelligent.  The  function  of  the  brain · is  not  based  solely  on 
logic  as  is  a  computer.  as  problems  of  certain  complexity  only 
experience based on learning can find a  solution. 
Initiatives in·  :t.ll1a United states and Japan 
In  the  United  States.  interest  can  be  measured  by  looki!lg  at  the 
~ttendance  figures  of  major  conferences  on  neurooomputing;  in 
1985  only  30  participants  attended  a  meeting  at  Santa  Barbara.  By 
1987  2000  people  attended  an  international  conf'erence  at  San 
Diego.  It  is  estimated  that  more  that  fifteen  'Start-up' 
companies are operating in the field, in the United States. 
AT&r's  Bell  laboratories  ·have  succeeded  in  building  silicon 
'neurons'  based  as  the  nerve  cells  of  the  garden  slug.  The  model 
can simulate the learning of which the slug is capable. 
Another  American  company  has  developed  a  device  which  imitates 
the  retirn  of  the  eye  while  another  has  invented  a  device  to  read 
handwriting and feed the information to a  computer. 
Japan  has  launched  a  major  initiative  in  science  entitled  'Human 
Frontiers' in which neurocomputing will play a  major role. 
Neurobiology 1u Europe 
European  laboratories  are  very  active  in  neurobiological  research 
and  many  of  the  important  discoveries  have  been  made  here. 
American  companies  are  showing  interest  in  European  expertise. ·A 
large  investment  has  recently  been  made  by  an  American 
Pharmaceutical  Company  in  the  University  of  Oxford's  pharmacology 
department.  where  research  is  being  carried  out  on  the  treatment 
of  brain  diseases.  In  return  for  its  investment,  the  company  will 
get the intellectual property rights to t.he work w.hic.h it funds. Communtt:y Initiaties 1n Neurobiology 
The  Commission  of  the  European  Communities  has  been  supporting 
neurobiological  research  (in  particular  the  study  of  inter-
cellular  communication)  under  the  Science  Plan  since  l984.  As  an 
extension  of  its  interest  in  the  subject  the  Commission 
introduced  the  BRAIN  (Basic  Reseach  Adaptive  Intelligence  and 
Neurooomputing),  initiative  in  l9B'l,  following  the 
recommendations  of  the  Committee  from  the  Development  of  European 
Science  and  Technology  (CODBST)  which  advises  the  Commission  on 
new  trends  in  Science.  The  purpose  of  the  initiative  is  to 
support  research  collaboration  between  member  states  and  to 
promote  the  design  of  machines  that  emulate  the  brain's  function. 
Bight project are currently being supported by BRAIN. These are : 
the  development  of  connectionist  models  for  neurooomputing 
- a  mathematical  way  of  simulating  the  brain's  calculating 
capacity 
the design of a  neurocomputer with learning abilities 
the  study  of  the  use  of  neural  networks  for  data 
processing 
the . determination_ of  the  level  of  complexity  necessary  for 
a  computer  to  start  to  function  in  a  simular  way  to  the 
brain 
the  study  of  the  neural  networks  determining  the 
relationship  between  the  brain  and  the  movement  of  the 
eyes and of the head 
the  study  of  dynamic  connectionist  models  for  the 
recognition of designs and graphs 
the  investigation  of  sensorimotor  strategies  involved  in 
visually guided arm movements with a  view to applying this 
the knowledge to robotics and computer vision 
~ 
the  study  of  the  bas:Lo  operations  :Lnvolved  :Ln  the  cerebral 
cortex of primates :Ln  controlling a  reaching movement. 
Other  initiatives  being  supported  by  the  European  Community 
:Lnclude  a  project  to  develop  a  computer  programme  which  will  help 
in  the  diagnosis  of  muscular  and  nervous  diseases.  This  proJect 
is  being  supported  under  the  ESPRIT  programme  (European·  Strategic 
Programme  for  Research  and  Devel9pment  in  Information  Technology) 
and involves five teams in the United Kingdom and Denmark. 
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equipment  measuring  the  electrical  characteristics  o£  nerves  and 
muscles  and  providing  a  likely  list  o£  diseases  as  well  as 
suggesting  tests  and  · treatments.  It  is  planned  to  extend  the 
range  o£  diseases  diagnosed  to  about  £ive  hundred  and  to  further 
develop the £ollow-up provided by the software. 
Neurocomputing  is  a  multidisciplinary  field  which  includeds 
neurobiology.  psychology.  materials  science.  informatics  and 
computer  science.  The  projects  being  supported  by  the  BRAIN 
initiative  reflect  this  diversi~  and  will  provide  a 
comprehe1lSive  base  for  Europe's  p~icipatio.n  in  the  development 
of  a  neurocomputer.  . In  September ' ' some  80  scientist  will  take 
pa Itt:  in  the  first  evaluation  of  BRAIN  at  Oxford  University 
where  the  second· stage  o£  the  programme  will  also  be  discussed. 
Through  such  initiatives  the  European  Community  plans  to  increase 
its support of neurobiology. 
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The  relative  weakness  of  Europe  in  certain  areas  of  biotechnology  is  not 
due  to  an  inadequate  research  potential,  which  is  often  very  highly 
developed,  but  to  the  fragmentation  and  isolation of  national  research  and 
training efforts  and  to  the absence,  at national  and  transnational  levels, 
of  adequate  concertation  and  contextual  support  for  research,  development 
and  exploitation. 
It is with  the  aim  of  overcoming  these  deficiencies  that all Member  States 
have  now  placed  biotechnology  at  a  high  position  in  their  national 
priorities.  and  increased  accordingly  their  support  to  national 
institutions.  Policy  awareness  has  become  such  that  support  is  also  been 
organised  under  different  departments.  and  across  several  professional 
branches.  The  same  occurred  at  the  initiative of major  European  companies, 
although  it  can  be  shown  that  these  frequently  invested  as  much  research 
funds  overseas as within the Community. 
Next  to  funding,  national  and  ComDUnity  prograuunes  have  been  able  to 
provide  a  forum  for  research  leaders  to  coordinate  work  at  a  large  scale, 
avoiding  gaps  and  emphasising  priorities.  The  scientific  community  now 
realises  that  biotechnology  R&D  must  be  carefully  conducted,  leaving  room 
for  speculative  research  but  addressing  in  priority  the  needs  of  the 
society.  Biotechnology  operators  have  themselves  developed  a  higher  degree 
of  transnational  integration,  through  the  European  Federation  of 
Biotechnology  (EFB)  and  through  the establishment,  on  the  industrial side, 
of  the  European  Biotechnology  Coordination  Group  (EBCG),  the  constitution 
for  the  Commission of  the  E.C.  of a  biotechnology working  group  attached  to 
the  Industrial  R&D  Advisory  Committee  of  the  CEC  (IRDAC),  and  the  creation 
of Green  Industry Biotechnology Platform  (GIBiP).  Other major  international 
research  initiatives took  shape  more  or less simultaneously  :  particularly 
relevant  to  biotechnology  R&D  are  EUREKA  and  the  Human  Frontier  Science 
Programme,  respectively at  the  applied  and  the  basic  ends  of  biotechnology 
and  with  which  the  Community  established  formal  links.  Tn  existence  for 
already three  years,  Eureka  now  comprises  more  than  200  projects  involving 
about  800  companies  and  research  centres  from  19  European  countries.  Of 
these,  13  %  (as  per  July  1987)  are  falling  under  the  biotechnology  area. 
Biotechnology  is  a  typical  field  where  Community  actions  and  Eureka 
projects can be strategically aligned,  industry-led projects being  put  in  a 
position  of  taking  up  for  development  purposes  scientific  results  which 
rapidly  build  up  the  framework  of  basic  programmes.  The  Commission  of  the 
European  Community  is  itself  implementing  several  priority  actions 
specifically  designed  for  improving  the  competitiveness  of  European 
biotechnology.  One  of  these  actions  aims  at  the  establishment  of  a  Commu-
nity  network  for  training  and  research  and  has  been  executed,  since  1982, 
in  the  framework  of  two  successive  Community  programmes,  the  Biomolecular 
Engineering  Programme  (BEP}  from  April  1982  to  ~~rch 1986,  and  the  ongoing 
Biotechnology Action Programme  (BAP),  for  the period  1985-1989. The  pioneer programme  :  BEP 
BEP  was  the  first  Community  initiative  in  the  field  of  biotechnology. 
Its  objectives . were  to  contribute,  through  transnational  efforts  in 
research  and  training,  to  the  removal  of  bottlenecks  which  inhibit  the 
application  of  molecular. and  cellular  biology  'to  agriculture  and  to 
the  agro-food  industries.  With  a  budget  of  15  Mio  ECU,  BEP  supported 
91  training  contracts  and  103  cost-shared  research  contracts  with 
public  and  private  laboratories  in  the  ComiiiUnity.  In  ·the  area  'of 
genetic  engineering,  several  significant  contriputions,  such  as  a  gene 
cloning  in  Streptococcus  bacteria  exploited  by  the  cheese  industries,. 
the  characterisation  and  isolation  of  more  than  20  plant  genes  of  high 
importance  for  agriculture  or  genetic  transformation  in  plant  species 
·belonging  to  the  monocots,  resulted  from  the  programme;  53  cooperation 
agreements were established between laboratories in different Member  States 
which  involve  the  exchange  of  equipment  and  staff  and  the  execution  of 
joint experiments.  Permanent  transnational working parties have  been set up 
for each research sector in the  programme  (*). 
The  current programme  :  BAP  . 
~£1~~~!~~!_!~!_!~!~!!~~-!~~-~!!!~!~~ 
The  'programme,  inherently  pre-competitive,  is  oriented  towards  medium 
and  long  term  objectives  essential  for  the  strategic  strength  of 
European  industry  ·and  European  agriculture.  It  deals  with  the  two 
following aspects: 
the  establishment  of  a  supportive  infrastructure  for  biotechnology 
research in Europe  (sub-programme  on contextual measures). 
- the  elimination,  through  research  and  through,  training,  of  bottle-
necks  which  prevent  the  exploitation  by  {odustry  and  agriculture 
of  the  materials  and  .methods  · originating  from  modern·  biology 
(sub-programme for basic biotechnology}. 
Areas  covered 
Research  and  training 
Contextual measures 
• 
- Bio-inform:atics:  the  interface  ·between 
information  technology  (data  capture, 
ter-assisted design,  etc.) 
biotechnology  and 
data·  banks,  compu-
- Collections  .of  biotic  materials  (upgrading  and  integration  of 
existing collections,  enhancement of techniques) 
~---------~~-~-· 
(*)  For  an  evaluation  and  a  detailed  review  of  the.  scientific  results 
obtained in the  framewor~ of  BEP,  see the final report of  the  programme 
(Biomolecular  Engineering  in  the  European  Community,  1172 .pages, 
E.  Magnien  Ed.,  Martinus Nijhoff,  1986). Basic biotechnology 
Enzyme  engineering:  bioreactors  of  2nd  generation,  stability 
of enzymes,  protein design 
Genetic  engineeri~g:  applied 
industries,  to  plants  and 
husbandry 
to  micro-organisms  important  for 
soil  micro-organisms,  to  animal 
- Technology  of  cells  cultured  in  vitro 
continuous  cultures  J  regeneration  of plant 
logies for animal cells) 
(micro-organisms  in 
cells,  new  methodo-
- In  vitro  tests  to  screen  new  molecules  created  by  industry  for 
their biological activity and  possible toxicity 
Methods  of  assessing  possible  risks  associated  with  modern 
biotechnology. 
Concertation of national  and  Community  policies 
A  range  of  information,  liaison,  evaluation  and  initiation 
tasks  to  ensure  that  Community  policies  affecting  bio-
technology  are  both  relevant  and  consistent  within  the  Commis-
sion and  in relation to  the outside world. 
!~!!~!~~!~!~~-~E-~!!!!~£h_!~~-!~~!~!~&-!£~!~!~!!~ <*} 
1.  Long-duration  training  contracts  available  to  both  junior  and 
senior  research  scientists  involving  travel  from  one  Community 
country  to  another. 
2.  Multiannual  marginal- or  shared-cost 
public sector or private research bodies. 
research  contracts  with 
3.  Regular  meetings,  dissemination  of  information  and  results,  and 
on-site visits. 
Dimensions  ----------
The  programme,  recently  extended  to  Spain  and  Portugal,  has  a  total 
budget of  75  Mio  ECU  and  foresees,  for research and  training: 
(*)  : 
300  - 350  training contracts 
some  380  research contracts. 
for  information  see  the publications,  available upon  request, 
issued  every  year  by  the  services  of  the  Commission  on  all 
matters  related  to  the  programme  (results  of  contractual 
research,  proceedings  of  meetings,  catalogue  of  contracts, 
reviews  of  main  achievements,  statistics  on  response  to  call 
for  proposals,  statistics on  cooperation  •••  } The  selection 
proposals  and 
partners. 
criteria  included 
expressions  of 
the  transnationality 
interest  originating 
of  the  research 
from  industrial 
A  total  of  1550  proposals  were  received 
national.  Budgetary  constraints  were  such 
proposals  could  be  accepted  for  funding. 
of  which  80%  were 
that  only  387  of 
trans-
these 
The  research  presently  conducted  in  the  framework  of  BAP,  at  the  date 
of  December  1988,  is  executed  by  90  transnational  groups  of  labora-
tories  which  have  agreed  to  join  their  efforts  and  to  work  together. 
Fifteen  per  cent  of  these  transnational  groups  include  one  industrial 
partner. 
The  proportion  of  projects  implemented  in  the  framework  of  BAP  which 
are  supported  by  an  expression  of  interest  from  one  or  several  indus-
trial  firms  amounts  to  83%.  In  all,  150  expressions  of  interest  for 
specific  projects  in  the  programme  have  been  transmitted  by.  industrial 
firms  to  the services of  the Commission. 
In  addition,  there  is  now  a  regular  demand  from  industries  to  attend 
the  various  types  of  contractors  meetings  ("sectoral", .  "horizontal", 
"spontaneous")  which  the  Commission  services  . organise  at  regular 
intervals  in  the  framework  of  BEP  and  BAP  and  to  have  access  to  all 
data  and  information  (proceedings  of  meetings,  books  of  abstracts, 
annual  reports,  catalogue  of  contracts  ••• )  arising  from  these. pro-
grammes.  As  particularly  well  illustrated  in  the  sector  of  the  pro-
gramme  dealing  with  the  genetic  engineering  of  plants  and  of  soil 
microorganisms,  "European  laboratories without  walls"  (ELWW)  are  presently 
being  constituted  which  bring  together  the  laboratories  participating  to 
Community  research  and  the  industries  specifically  interested  by  this 
research and  the exploitation of  its results  (*). 
(*)  Methods,  materials  and  results  circulate  freely  within  each  ELWW 
and  an  important  part  of  the  research  work  is  implemented  as  a 
totally  integrated  joi.nt  effort.  Approximately  30  ELWWs  have  been 
constituted  and  launched  in  BAP  and  this  number  should  consid-
erably  increase  within  BRIDGE.  For  further  information  see  "Eur-
opean  Laboratories  Without  Walls  :  focused  precompetitive 
research",  R.  van der Meer,  E.  Magnien  and  D.  de  Nettancourt  in 
Trends  in Biotechnology, 1:  318-321,  1987. 
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The  Commission  services  are  now  proposing  orientations  on  the  nature  and 
objectives  of  the  programme  (BRIDGE  Biotechnology  Research  for 
Innovation,  Development  and  Growth  in  Europe)  which  will  take,  in 
1990,  the  succession  of  BAP.  These  orientations  have  been  defined  on 
the  basis  of  past  achievements  in  BEP  and  BAP  and  through  recommen-
dations  received  from  a  panel  of  Independent  Experts,  the  European 
Parliament,  industrial organisations and  the  CGC  Biotechnology. 
BRIDGE  is  to  be  subdivided,  as was  BAP,  into  two  actions  : 
Action  I  for  Research  and  Training,  Action II  for  Concertation. 
per  cent  of  the  total  budget  will  be  devoted  to  Action  I  and 
Action II. 
Ninety 
10%  to 
Action  I 
The  main  tasks  of  Action  I  will  be  to  develop  cooperative  basic 
research  and  training  through  research  adapted  to  the  long  term  needs 
of  the  Comllllnity.  This  implies,  for  the  removal  of  bottlenecks  result-
ing  from  gaps  in  basic  knowledge,  the  reinforcement  of  existing 
networks  of  ELWWs  and  their  extension  to  new  area's  considered  of  high 
significance  for  the  Community.  Alternatively,  larger  targeted  pro-
jects  will  be  implemented,  when  necessary,  for  removing  bottlenecks 
originating  from  scale  or  structural  constraints.  A  very  substantial 
effort  is  foreseen  in  the  area  of  normative  research  and.  in  particu-
lar,  with  regard  to  the  assessment  of  risks  possibly  associated  to  the 
release  of  genetically  engineered  microorganisms.  The  research  and 
training programme  outlined in tables  l  and  2  is to  be  subdivided  into  four 
sectors  : 
- information infrastructures 
- enabling technologies 
- cellular biology 
- normative research 
The  programme,  as outlined,  takes  into  account  but still very insuffi-
ciently,  the  recommendations  made  in the present  report  for  Community 
activities  on  the  "molecular  foundations. of  plant  biotechnology"  and 
on the "molecular investigations of  the genomes  of  complex organisms". 
Action  TI 
Action _II  (Concertation)  will cover a  range  of  monitoring,  information 
and  collaborative  activities  to  provide  and  facilitate  the  effective 
application of  biotechnology  to  the  soc~al and  economic  objectives of 
the  Community  and  of  the Member  States  (table 2). 
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~~~! (80  Mio  ECU  for  the period  1989-1993) 
ECLAIR  (European  Collaborative  Linkage  of  Agriculture  and  Industry 
through  Research}  will  be  the  first  multiannual  programme  of  the 
European  Communities  for  biotechnology-based  agro-industrial  research 
and  technological development.  Through  such research  develop~ent work. 
it  will  contribute,  in  the  medium·  and  longer  terms,  to  enhancing 
Europe's  competitiveness  in  the  economic  activities  - industrial  and 
agricultural - based  on  the life sciences  and  biotechnology. 
~~l! (25  Mio  ECU  from  1989  to  mid-1993) 
FLAIR  (Food-Linked  Agro-Industrial  Research)  is  a  programme  proposal 
concentrating exclusively on the  food  sector and,  particularly, on  the 
processing-distribution-consumer  end  of  the  food  chain.  The  long  term 
objective of  FLAIR  is to contribute to  the competitiveness of  Europe's 
food  industries,  and  to  improved  consumer  protection  and  confidence, 
by  strengthening  the links  between  them  through  research  and  develop-
ment.  The  Commission proposes  to  achieve this objective by  launching  a 
programme  of  concerted  actions  and  cost-shared  actions.  The  projects 
seek  to  promote  the  close  collaboration  between  research  and  indus-
trial  groups,  by  their  participation  in  research  and  technological 
development  on  food  quality,  hygiene,  safety,  toxicology,  nutritional 
and wholesomeness values. 
Table  1  Biotechnology research and  training activities proposed 
for implementation in the  framework  of  BRIDGE  (1990-94) 
Information structure 
culture collections  , 
•  processing and  analyses of  bio(techno)logical data 
Enabling  technologies 
•  protein design/molecular modelling  ; 
•  biotransformation  ; 
gene mapping,  genome  sequencing,  novel cloning methods 
Cellular biology 
physiology and  molecular genetics of  industrial .microorganisms 
•  basic biology of plants  and associated organisms  ; 
•  biotechnology of  animal cells  ; 
Normative research 
•  safety assessments  associated with the  release of genetically 
engineered organisms  ; 
•  in vitro evaluation of  the  toxicity and  pharmacological activit 
Of molecules. 
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implementation in the  framework of  BRIDGE  (1990-94) 
- Coordination of  Commission activities  ; 
- Concertation of activities of Member  States 
- Provision  of  information  on 
safety  of  biotechnology  to 
general public 
the  advantages,  limitations  and 
politicians,  scientists  and  the 
- Formation  and  growth  of  small  and  medium-sized  biotechnology 
firms. 
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Motivation 
The  need  for  Europe  to  face  energy  cha 11 enges  has  been  reconfirmed 
numerous  times  by  the  European  Council  over  the  past  years.  The  energy 
strategy  of  the  Conmunity  emphasizes  coherence  of  far-reaching  planned 
actions  in  the  energy  field,  as  well  as  the  necessity  of  an  increased 
effort  to  reduce  the  dependance  on  oil  {energy-saving,  development  of 
alternative  fuels,  diversification  of  supply  and  demand)  and  to 
facilitate the adaptation  of the  European  industry  to  the  energy  market. 
Si nee  1974,  these  objectives  constitute  the  most  important  Community 
nptions  in  the  domain  of R&D. 
Until  the  year  2000,  pursuit  of  these  options  should  ensure  a 
reinforcement  and  above  all  a  larger  scope  of  R&D  activities  according 
to  the  main  aims  :  independance,  security  regarding  the  long  term 
supply,  environmental  protection,  competitivity,  safety.  At  European 
level  the  framework  programme  consists  of  3  major  themes  on  energy 
research  :  nuclear fission,  controlled thermonuclear  fusion,  non-nuclear 
energy  and  the  rational  use  of  energy.  Moreover,  the  demonstration 
progranvnes  for  energy  savings  and  coa 1  and  the  support  programme  for 
technological  development  in  the  field  of  hydrocarbons  have  allowed  to 
make  important  progress  in  these fields. 
Numerous  achievements  have  been  noted  in  each  field.  However, 
continuation  of  Energy  research  is  essential  even  though  economic 
conditions  temporarily  favour  access  to  energy.  In  fact,  RD&D  wil r 
determine  the  long  term  future  of  energy  and  if no  actions  are  taken 
today,  serious  problems  may  result in  the more  or less distant future. 
Three  major  factors  shou 1  d  influence  the  choice  of  the  energy  RD&D 
options  : 
*  the  forecasts  of  energy  demands  in  Europe  and  in  the  rest  of  the 
world. 
*  the  evolution  of  energy  resources  and  comprehension  of  their 
exhaustion. 
*  protection of the environment. 
These  factors  pose  many  responsibilities  and  R&D  must  establish  the 
means  for  society  to  face  them.  At  the  dawn  of  the  XXIst  century,  when 
already one  can  perceive  a  limit to  the  availability of certain forms  of 
.  energy  and  the  consequence  of  environmental  damage  at  global  level,  it 
is vital  to merge  all  research  efforts by  means  of  optimal  management  of 
the  energy  policy. 
The  establishment  of  the  great  internal  market  can  only  reinforce  this 
conviction  :  the  harmonisation  of  norms  and  laws  and  the  necessity  of 
maintaining  competitiveness  often  find  their  answer  in  technological 
research. 
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Progress  to  date  of  the  European  RD&D  action 
The  Commission  has  not  allowed  itself to  be  influenced  by  the  temporary 
fluctuation  of  energy  prices  when  defining  its  policy  in  the  field  of 
non-nuclear  energy  R&D.  At  the  european  level  neither  its  R&D  programme 
launched  in  1975  nor  its demonstration  programme,  initiated  three  years 
later, ·have  suffered  any  harmful  blows. 
The  financial  commitments  of  the  Community  do  not  show  yearly 
oscilliations  as  some  national  budgets  do.  Even  though  the  last 
four-year  budget  was  reduced  upon  request  of  certain  Member  States,  it 
still  continues  in  the  range  of  previous  budgets,  with  unaltered  and 
even  enriched  objectives  and  has  remained  at a  creditable  level,  in  any 
case  above  the  minimal  critical  level.  Generally  speaking  and  despite a 
slow  decrease  in  public  spending  on  non-nuclear  research,  one  may 
observe  that  the  relative  shares  for  the  three  main  poles  between  1980 
and  1988  have  remained  stable  :  energy  savings  (28  %),  coal  (34  %)  and 
hydrocarbons  (about  10  %),  renewable  energies  (28  %).  Nevertheless~  a 
more  detailed  survey  of these  aggregates  may  indicate substantial  shifts 
between  programmes. 
More  precisely  :  What  are  the  strong  and  weak  points  of  the  Community's 
and  the  membre  states programmes  in  the field of  non-nuclear  energy  ? 
Community  action,  composed  of three major  fields  :  energy  saving,  fossil 
fuels  and  renewables,  has  backed  the  research  of the  member  states.  The 
tables  4.9  (a;b)  illustrate  respectively  the  budget  of  the  EC  member 
states and  the  Community  in  1987. 
For  15  years  Europe  has  worked  in  the  field  of  energy  conservation 
thanks  to  the  vigorous  R,D&D  policy  at national  as  well  as  at Community 
level.  A  lot  has  been  said  and  written  around  the  statement  which 
implies  that  the  cost  has  been  the  main,  if  not  the  only  factor 
responsible  for  effecting  a  reduction  of  the  consumption,  and  that  is 
true  for  a  large  part.  But,  the  influence  of  the  cost  itself has  also 
generated  research  efforts  which  appear  to  be  durable.  The  cumulative 
impact  of 15  years  of efforts  has  procured  great  benefits  thanks  to  the 
fundamental  structural  changes  which  have  occured  in  the  production 
machinery  and  also  in  ~he psychological  approach  of  the  individual  and 
collective actors. 
The  Community  objectives  have  been  achieved  and  even  surpassed. 
Following  a  decrease  of about  20  %between  1973  and  1980  {preceded  by  an 
increase  of  63  % between  1960  and  1973)  the  European  consumption  of 
primary  energy  stabilized,  and  only  fluctuated  between  1000  and  1100 
Mtep. 
All  the  sectors  of  R  ,0&0  have  shared  this  successful  result.  Space 
heating which  represents  about  40  % of European  con$umption  is the first 
domain  - at  least  in  the  new  building  sector  - to  make  rapid  progress. 
The  insulation  and  ventilation  techniques  and  also  the  recovery  of  heat 
have  led  to  a  substantial  ihcrease  in  savings,  currently  up  to  50  % and 
more.  The  passive  solar  contributions  have  shown  the  strength  of  the 
European  R,D&D  and  the  attempts  to  retrofit  old  buildings  have  been 
fruitful.  Active  solar contributions  have  been  limited  to  water  heating 
and  are  relatively  well  developed  in  southern  Europe.  The  economic 
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conditions  and  certain technical  constraints are  the  reasons  that active 
solar  could  not  play  its  role  as  originally  foreseen.  The  same  holds 
true  for  heat  pumps.  They  might  come  into  play  in  a  decade's  time.  The 
unsolved  technical  difficulties  and  the  lack  of  economic  competitivity 
have  limited  its  application  to  the  tertiary  and  industrial  sectors 
where  scale  effects  and  "intelligent"  putting  into  operation  have  given 
them  a ·chance. 
With  respect  to  the  rational  use  of  energy  in  industry,  the  R&D 
endeavours  have  been  more  diversified  due  to  the  numerous  energy  saving 
possibilities  one  might  find  and  also  due  to  the  considerable  potential 
to quantitatively reduce  energy  consumption  (European  industrial  consump-
tion  accounts  for  35  % of  the  total  consumption).  New  processes  and 
industrial  products  appear year upon  year rendering  older products  obso-
lete.  This  renovation,  as  well  as  the  modernisation  of  the  industrial 
equipment  have  unobtrusively  introduced  new  techniques  with  a  reduction 
in energy  consumption  and  pollution  (the latter is·also a  consequence  of 
indirect  R&D  effects).  · 
Numerous  factors  have  contributed  to  a  reduction  of  the  consumption  in 
industry,  and  it  is  worthwhile  to  emphasize  the  remarkable  results 
obtained  in  a  dozen  years  in  Europe  and  elsewhere  on  the  thermal  level, 
as  for  ex amp 1  e  a  better  comprehension  of  combustion  phenomena  or  heat 
transfer.  --
Among  the  recent  advances  which  have  benefitted  european  technology 
one  should  underline  the. importance  of  the  improvements  in  measurement, 
control  and  regulation  of  energetic  processes.  They  have  benefitted 
enormously  from  the  popularization  of  electronics,  new  collection 
methods,  data  gathering  and  processing. 
let  us  also  refer  to  the  development  of  heat  distribution  systems  and 
co-generation which  have  undergone  a satisfactory expansion  in  Europe·. 
At  present,  Europe  may  be  proud  of an  industry which  knows  how  to  apply 
the  most  advanced  techniques,  regarding  energy  efficiency,  even  though 
due  to  the  historical  ties  in  certain  traditional  branches  penetration 
of  new  ideas  has  been  somewhat  slow  in  comparison  to younger  industrial 
competitors. 
Amongst  other  research  to  improve  the  energy  efficiency  and  the  endea-
vour.s  spent  on  primary  energy,  it  is  necessary  to  highlight  the  R&D 
efforts  devoted  to  the  main  secondary  energy  vector,  i.e.  electricity. 
From  a  classical  electro-technical  viewpoint,  one  should  not  forget  the 
remarkable  success  of  turbo-alternators,  the  unit  power  of  which  has 
doubled  every  ten  years,  and  also  the  modern  methods  of  grid  control, 
revolutionized  by  the  use  of computers.  But  the  most  advanced  and  ori-
ginal  research  concerns  the  field of fuels cells, electro-chemical  stor-
age  and  cryo- electricity.  These  sectors  have  been  explored  for years, 
but  fundamental  and  subsequent  applied  research  has  given  them  a  new 
youth  and  an  interest that will  always  be  with  us. 
Fossil  fuels  (solid,  liquid .and  gaseous),  the  most  spread  out  and  used 
of  all,  used  will  remain  the  major  resource  for  a  very  long  period  of 
time.  Whatever  may  be  the  economically  interesting  stock,  fossil  fuels 
today  are  of  increasing  concern  as  far  as  the  scientists,  environmen-
talists and  even  the  public  and  politicians are  concerned. 
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Besides  the  toxicity  of  the  pollution  caused  by  their  combustion  (SO  , 
NOx,  dust)  which  can  be  controlled  if one  wants  to  pay  for  it, the  fe&r 
of warming  up  the  planet  by  a  greenhouse  effect due  to  CO?  seems  to  be 
more  and  more  justified,  at  least  in  the  long  run.  BErcause  we  are 
"condemned",  and  without  doubt  for  several  generations,  to  make 
abundant  use  of  these  fuels,  we  should  appreciate  all  the  more  the 
efforts  that  are  made  for  their  clean  use  and  reduction  of·  their 
consumption,  by  means  of  savings  and  efficiency  at  the  consumption 
level,  by  an  improved  efficiency  and  a  better yield  at  every  stage  of 
exploitation,  preparation,  purification,  transformation  up  to  the  end 
use.  The  Community  R&D  has  been  in  charge  to  respond  to  those  concerns. 
Hydrocarbon  research  must  increase  the  economi ca 11y  exp 1  oi tab  1  e  reser-
ves.  Hence,  exploration  techniques  have  made  big  progress,  allowing  to 
increase  significantly  the  rate  of  success  of  drillings.  The  drilling 
techniques  reach  a  greater efficiency - drillingspeed  as  well  increased 
reliability- especially  in  the deep  sea  and  offshore drillings. 
In  this field,  very  promising  techniques  as  horizontal  drilling  appear-
ed.  The  development  of offshore  production  techniques,  in  particular  in 
deep  sea,  has  achieved  well  performing  submarin  techniques  using  autom-
ation and  robotics, whereas  support of floating  production  units  and  new 
concepts  of platforms  were  developed. 
An  extension  of  basic  knowledge  has  accompanied  technological  research, 
notably  in  the  geological  field  concerning  the  mechanism  of  formation 
and  migration  of hydrocarbons.  More  generally speaking,  physico-chemical 
conversion  problems  have  taken  up  an  important  share  of  the  hydrocarbon 
R&D  action. 
Endeavours  of  RD&D  in  the  field  of  solid  fuels  are  fully  justified  by 
the  coal  potential  and  by  the  more  immediate  concern  to  protect  the 
environment  against  the  effects  of  very  abundant  impurities  in  solid 
fuels.  The  combustion  and  conversion  techniques  remain  at the  centre  of 
research  planning  and  are  studied  actively  in  Europe  (in  particular  in 
the  FRG  but  also  in  the  UK  and  the  NL).  These  activities  are  rather 
diversified  and  the  obtained  results  are  of  varied  importance.  If  in 
spite of  its efforts  Europe  seems  to  be  late in  comparison  with  the  USA 
and  Japan  regarding  combustion  techniques  with  coal-liquid mixtures,  it 
should  be  realized that fluidized  bed  combustion  is  an  area where  Europe 
has  a  good  research  tradition. 
Prototypes  exist  in  almost  all  Member  States  and  some  installations  of 
important size are  in  operation. 
Other  investigations  have  accompanied  those  just mentioned,  as  for exam-
.ple  liquefaction and  gasification of coal,  production  of methanol  deriv-
ed  from  coal  and  combustion  of lean  gases. 
The  variety of  RD&D  areas  is  very  vast  and  Europe  occupies  a  more  than 
creditable place.  Generally  speaking,  one  might  say  that all  the  invest-
igated  processes  operate  well,  or  at  least  correctly,  when  applied  to 
coal  of  good  quality.  The  problems  arise when  dealing  with  poor  fuels, 
which  are  abundant  but  more  heterogeneous,  less  reactive,  polluttant, 
dirty and  dusty. 
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Since  1974,  a  vast  area  of  renewable  energies  has  seen  intensive  re-
search  activities  in  the  whole  world  and  more  particularly  in  Europe. 
It  consists  of  a  wide  variety  of  sources  :  solar,  wind,  small  hydro-
power,  biomass  plus  urban  waste,  geothermal,  marine  energy. 
During  the  last 15  years,  Europe  has  carried out  R.O  &  0.  in  all  these 
fields.  Even  if not  the  first,  measured  by  the  variable  financial  and 
manpower  input  by  different  countries,  Europe  possesses  in  all  these 
fields  a  high  degree  of  theoretical  and  practical  knowledge.  As  soon  as 
the economic  circumstances  allow  or a  technical  breakthrough  takes  place 
Europe  is  highly  likely  to  occupy  almost  immediately  a  favourable  posi-
tion.  One  should  not  forget  that  the  majority  of  the  renewables  are 
non-pollutant,  and  hence  public  opinion  is favourable.  In  certain cases, 
the energetic  aspect  gives  way  to  the  protection  of  the  environment,  as 
for  instance  in  bacteriological  treatment  of  animal  and  vegetable  waste 
and  the  incineration  of  household  waste,  which  renders  these  processes 
generally attractive,  even  if the  energetic  profit itself is  not  always 
significant. 
Given  the  broad  domain  of  scientific  disciplines  and  technologies  used 
in  the field of renewable  energies,  one  can  only  present  here  a  concise 
overview  of  some  outstanding  achievements  which  are  characteristic  for 
some  15  years  of European  research  and  development. 
Photovoltaic  conversion  techniques  have  enjoyed,  in  Europe  as  well  as  in 
the  USA  and  Japan,  a  frank  technical  success, most  certainly constrained 
by  an  economically  less  favourable  context.  The  european  industry,  even 
if it only  ranks  in  3rd  place with  somewhat  more  than  10%  of  the  global 
production,  disposes  of  the  most  advanced  techniques  and  has  already 
attained  a  substantial  turnover,  especially with  regard  to  export.  The 
efforts  of  RO  & 0  which  have  been  skilfully coordinated  by  the  Commis-
sion  (incl.  JRC)  include pilot installations and  demonstrations  concern-
ing  tests  and  certifications  in  order  to  obtain  world  wide  recognition 
of European  norms  and  quality standards. 
The  european  countries  have  abandonned  the  idea  of electricity  produc-
tion  by  concentration of solar energy  by  means  of a field of heliostats. 
The  technically  difficult  concept  facing  climatological  hazards  and 
unfavourable  economic  factors,  explains  this  failure,  although  a  number 
of interesting data  has  been  obtained  for other research  areas. 
Wind  energy  has  been  strongly  developed  in  northern  Europe  and  several 
european  countries  have  demonstrated  the  quasi-competitivity  of  this 
form  of  electricity  production  coupled  to  the  grid.  Concerning  small 
units,  up  to  2-300  KW,  an  industrial  production  exists  where  european 
manufacturers  are perfectly competitive. 
The  utilisation  of energy  from  biomass  is  in  itself a  broad  and  multi-
disciplinary area  and  the  RD&D  prior  to  this  usage  has  several  branches 
:  harvest and  transformation  to energy  of waste,  which  is strongly stimu-
lated  by  european  RD&D;  specific  cultures  of  energy  production;  har-
vest,  transport  and  preparation  of solid  biomass  including  the  develop-
ment  of  boilers  on  biomass  fuel;  combustion  and  gasification  of  bio-
mass;  treatment  of effluents and  liquid waste. 
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The  potential  of  biomass  is  1arge;  in  addition  Europe  disposes  of  a 
considerable  expertise  in  agriculture.  These  two  elements  have  ensured 
that  R &  D ,  in  the  field  of  biomass,  should  attract  numerous  applica-
tions of which  the  first results are already encouraging. 
With  respect  to  geothermal  energy,  Europe  has  also excellent R D &  D and 
exploitation  experience.  Although  high  enthalphy  geothermal  energy  is 
fully  under  control  and  increasingly  used  throughout  the  world,  low 
enthalphy  energy  on  the  contrary  is  difficult  to  exploit,  due  to  the· 
absence  of  a  continuous  warm  source  close  to  the  location  of  utiliza-
tion.  More  fundamental  research  concerns  very  deep  drilling  in  hot  dry 
rocks,  injecting water  and  recuperating  steam  at  high  pressure.  These 
projects  are  in progress  in  Europe,  USA  and  Japan.  Finally,  geothermal 
is  an  area  where  technological  and  economical  information  is· readily 
transferred  due  to  the  association  of  public  bodies,  large  energy  pro-
ducers  and  important  consumers.  The  Commission  has,  by  its coordination 
and  financing  of numerous  programmes,  strongly contributed  to this situa-
. ti  on. 
Concerning  energy,  environmental  and  economic  modelling,  Europe  has  a 
number  of  centres  of  excellence  cooperating  in  the  Commission's  pro-
granme. 
This  is  a  field  where  the  european  studies  are  well  recognized.  They 
concern  both  tools  for  analysing  supply  and  demand  of  energy  and  those 
for investigating the  interface between  energy,  economy  and  environment. 
These  well  known  studies,  and  in  particular 
11Energy  2000
11  and  the 
11Costs. 
of  Non-Europe
11  have  seen  the  1  i ght  of  the  day,  due  to  the  too 1  s  for 
analysis  and  modelling  and  have  allowed  decision-makers  to  clarify  a 
number  of political  choices  in  the  area  of energy  and  economy. 
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Indications  for the  future 
Of  all  the  instruments  at the  disposal  of the  Community  for managing  its 
energy  policy,  R&D  is  one  of  the  essential  elements  determining  the 
energy  future  in  the  long  run.  The  time  horizons  2010-2020  and  beyond 
are  of  great  interest  to  R&D  endeavours  today.  Hence,  today's  research 
is geared  towards  the  hopes  for  resources  that may  be  available  in  25  or 
30  years. 
It is difficult to  organize  an  energy  research  programme  on  a  prospec-
tive basis  undistorted  by  temporary  events.  One  may  observe  that during 
the  past six years,  the  dominant  views  on  the  future  of  energy  changed 
considerably,  and  so·have  the  principal  objectives  of  the  energy  policy 
and  the  RD&D  priorities. These  rapid  evolution  of  long  term  views  illus-
trate  the  difficulty  of  designing  an  RD&D  strategy,  which  by  its  very 
nature aims  at the  long  term. 
Despite  the difficulties  of  appreciation,  RD&D  has  to  ensure  that  three 
key  questions  are  answered.  Will  the  energy  available  in  2020  meet  the 
needs  of our  economy  ?  Will  this energy  be  available at a  reasonable  and 
stable price  ?  Shall  this energy  be  clean  ? 
The  outlook  of  the  European  Community  on  energy  is such  that  an  average 
growth  rate  of  the  needs  in  terms  of primary  energy  of atiouf  1.1  % per 
year  from  now  on  up  to  the year 2010  is foreseen.  It will  repch  a  level 
of annual  consumption  of around  1.5 Milliard toe,  against  1 Milliard  toe 
in  1985.  The  world  energy  consumption  might  reach  14.000  Mtoe,  against 
7.500  in  1985.  With  regard  to  forecasts  on  a  longer  term,  (2025,  2030), 
many  publications  on  the  subject  have  been  presented  by  different 
authors.  Even  if  one  records  a  ratio  of  3  between  the  highest  and 
lowest  predictions, one  may  nonetheless  conclude  from  these  studies  that 
*  the energy  demand  will  in  general  maintain  a  slight increase  in  the 
industrialized  countries,  slowed  down  by  the  progressive  saturation 
of  the  pare  of domestic  equipment,  the  steady  reducing  speed  of  the 
activities  of  the  heavy  industry  and  the  constant  progress  of 
techniques; 
*  the  technological  development  will  continue  sufficiently  flexibly 
·with  respect  to  the  energy  prices  in  order  to  follow  the  evolution 
of energy  demand. 
The  development  of technologies,  using  fuels  other than  oil,  in  order  to 
reduce  their  costs  and  to  pass  the  threshold  to  gain  access  to  an 
unlimited  resource  (e.g.  fusion)  constitutes  an  important motivation  for 
energy  research. 
In  the  long  run,  these  perspectives  will  collide  with  two  obstacles  : 
the availability of energy  resources  and  the  shorter-dated environmental 
constraint. 
If one  examines  global  energy  resources  of  all  kinds,  one  discovers  an 
abundance  of energy  that could  meet  the  requirements  of  mankind  for  the 
next  few  centuries.  But  one  must  realise,  on  the  one  hand,  that energy 
is unevenly  dispersed  in geographic  terms  and  on  the  other hand,  that it 
exists  in  forms  not  readily  adaptable  to  consumption  either  due  to  the 
high  extraction  and  transformation  costs  or  due  to  serious  ecological 
problems,  which  may  arise. 
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To  be  more  precise,  the  classical  forms  of  energy  {oil,  gas,  uranium, 
coal)  should  allow  us  to  reach  the  beginning  of the  21st. century without 
physical  shortage  nor  any  particular effort  in  prospection  (one  should 
not  exclude  tensions  on  the  market  resulting  from  psychological  or  poli-
tical  actions).  If a  large  prospection  effort  in  oil,  gas  and  uranium 
were  maintained,  the  reserves  discovered  could  maintain  a  production 
level  sufficient to  secure  the  needs  up  to  2025-2030.  By  that date,  the 
phys i ca 1  limits  \'I ill  have  been  reached.  However,  coa 1 is very  abundant 
and  will  remain  available for centuries. 
The  production  and  utilisation  of  energy  have  their  ecological  conse-
quences  at every  step  in  the  fuel  cycle.  Public  opinion  was  affected  at 
the  end  of the  sixties  by  the  energetic  impact  on  environment.  Different 
problems  appeared,· notably  the  thermal  pollution  of. water  by  power 
plants,  the  destruction of  soil  and  surfaces  by  the exploitation of  open 
pit mining,  air  pollution,  acid  rain,  the  reliability of  nuclear  reac-
tors, waste  treatment  and  storage of  radioactive waste. 
Two  problems  are  at  present  of  major  concern  to  the  public.  Primarily 
the  acid  rain  caused  by  the  utilisation  of  fossil  fuels  (SO  and  NOx 
emission)  and  secondly  the  radioactivity  related  to  the  ope~ation  of 
nuclear  reactors  and  storage  of  nuclear waste.  A third  point  regarding 
the  greenhouse  effect caused  by  CO?,  is  starting  to  draw  the  attention 
of  the  public  via  the  media  {as  a  consequence  of the  Toronto  conference 
June  1988).  The  increased  consumption  of  fossil  fuels  will  only  rein-
force  the  need  for  pollutants  emission  constraints,  a  problem  to  be 
solved  by  R&D. 
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RD&D  orientations 
What  should  european  research  do  in  view  of  these  perspectives  and  con-
straints ? What  can  be  expected  from  the  technology  ? 
From  what  has  been  said  three  time  horizons  can  be  distinguished and  for 
each  the  problem  of security of supply  is of a different nature  : 
- Up  to  2000,  the  greatest  threat  lies  in  a  sudden  supply  interruption 
or  a  steep  price-increase  of  crude  oil  as  a  result of  tensions  of  a 
geopolitical  character.  The  techniques  employed  for  the  use  or  the 
production  of conventional  fuels  other  than  crude  oil  are  not  suffi-
ciently  developed.  · The  strategy  to  be  adopted  in  order  to  avoid 
tensions  on  the  oil  prices  should  be  based  on  two  themes  :  demand 
reduction  and  increase  of  supply  capacities.  In  this  respect  it is 
necessary  to:  · 
*  Develop  techniques  which  reduce  the  liquid fuel  demand,  both  by 
the  use  of  equipment  with  more  efficient  1  iquid  fuel  consum-
ption  in  cases  where  liquid  fuel  is  specific  and  cannot  be 
replaced  (ex.  transport)  and  by  means  of  equipment  which  is 
adaptable  for  the  use  of other  forms  of energy  where  substitu-
tion is  possible (multi-fuel  boilers). 
*  Develop  techniques  which  allow  the  increase  in  oil  production, 
in  particular by  prospection  and  exploitation of new  fields  and 
by  reactivating drained  oil  fields.  · 
For  the  period  2000-2020,  one  might  hope  that production  technologies 
for  fuel,  competitive  to  oil  and  produced  from  coal  and  gas  will  be 
operational.  The  generation  of electricity will  still  rely  on  hydro, 
coal  and  nuclear. 
- On  a  longer  term,  beyond  2020,  it will  be  required  to  find  solutions 
for  the  replacement  of  fossil  fuels  and  uranium  (LWR)  for  which  the 
fields will  be  practically exhausted.  In  this period  the  only avail-
able conventional  source  of energy  will  be  coal. 
The  mentioned  elements  have  been  broadly  utilized  as  a  basis  for 
reflexion  by  numerous  countries  and  by  the. Commission  in  order  to 
establish  their  RD&D  programme,  to  develop  energy  technologies  able 
to  satisfy  the  energy  supply  at  short,  medium  and  long  term  and  to 
secure  a  smooth  transition  into the  XXI  century. 
It may  be  useful  to  structure  RO&D  programmes  according  to  this  main 
sense of direction  into the following  five categories according  to  an 
IEA  classification 
*  Technologies  able  to  extend  the  availability  of  the  energy 
carriers  of  our  present  supply  system  at  short  and  medium 
terms; 
*  Technologies  more  efficient in  energy  consumption; 
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*  Technologies  exploring  renewable  energies; 
*  Technologies  with  a  high  production  potential  in  the  future,-
but  which  presently  still  contain  a  high  technical  and 
economic  risk; 
*  Technologies  with  the  same  assets  as  the  above  categories,  for 
which  the  R&D  has  a  horizontal  cha~acter. 
The  first category concerns  in  the  first place  those  technologies  improv-
ing  exploration  and  exploitation  of  liquid  and  gaseous  fuels,  and  solid 
fuels.  Regarding  the  offshore  exploitations,  the  conception  and  design 
for  the  achievement  of  submarine  production  at high  sea  require  import-
ant  progress.  The  same  holds  for  techniques  to  protect health  and  envi-
ronment  and  to  increase  safety. 
Research  on  solid  fuels  should  concentrate  on  rendering  these  resources 
less  pollutant,  more  efficient  (which  will  imply  emissions'  reduction) 
and  easier  to  use.  It  is  urgent  to  do  .so  because  the  quality  of  the 
main  part  of  the  world's  resources  is  low  and  particularly  detrimental 
to  the  environment.  It appears  that the combustion  in  fluidized  bed  and 
gasification are  interesting  to  develop  on  the  short  term,  as  they  red- · 
uce  the  po 11 uti  on  inherent  to  co a  1  conversion.  On  the  1  anger  term, 
liquefaction,  gasification  in  situ  and  combined  cycles  with  magneto-
hydrodynamic  (MHO)  energy  conversion  are  promising. 
Parallel  to  the  research  on  fossil  fuel,  the  possibility  to  develop 
technologies  for  co2 abatement  at the  source  has  to be  examined. 
Research  on  coriventional  nuclear  and  fast  breeders  should  also  increase 
the availability of energy  in  Europe  on  the  short and  medium  terms. 
Considerations  regarding  nuclear safety can  be  found  in  annexe  9. 
The  main  but  not  exclusive  objective of  technologies  that  use  energy  in 
a  more  efficient manner  is  the  reduction  of  fuel  demand  and  of  invest-
ment  needs  for  large  power  plants.  These  technologies  may  also  reduce 
the  impact  on  the  environment  and  in  particular  reduce  the  tension  bet-
ween  energy  supply  and  demand.  The  necessary  research  items  are  : 
* 
* 
introduction of energy efficient vehicles  in  the  transport sector, 
development  of engines  with  improved  efficiency and  lighter mater-
ials.  Electric cars  are also a  possibility;  therefore it is neces-
sary  to  develop  low  weight  batteries  of  high  energetic  density 
with  multiple 16ading  and  unloading  facilit~~s.  · 
in  the  industrial  sector  :  introduction  in  industry  of  efficient 
processes  with  reduced  energy  needs  in  high  energy  consuming  sec-
tors  such  as  the  iron,  steel,  aluminium  and  other  basic  material 
industries.  In  general,  global.  energy  management  in  industry 
should  include-measurements,  control,  regulations,  recycling  of 
lost energy,  recycling  of products  of high  energy  intensity etc. 
*  with  the  residential  and  tertiary sectors  reduction  of  the  energy 
demand  is possible by  refurnishing  existing bui1dings  and  construc-
tion of  new  buildings with  high  energetic efficiency.  The  techni-
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ques  are  already  well-known:  for  example  insulation,  passive 
solar  architecture, 
11intelligent
11  cooling  and  heating  systems, 
district heating  and  heatpumps.  Regulation  of control  and  measure-
ment  techniques  based  on  micro-electronics  can  strongly contribute 
to  the  demand  reduction.  An  increase of energy  efficiency in  house-
hold  appliances  should  be  clearly monitored. 
The  contribution of renewable  energies  to  the  global  energy  supply  (with 
the exception  of hydropower  and  biomass  combustion)  will  remain  small  in 
the near  future.  It is well  known  that these  energies  can  have  a  regio-
nal  importance  and  could  be  adapted  and  utilized in  the  developing  coun-
tries  reducing  their demand  for oil  products  and  hence  contributing  to a 
relaxation of world  tension  regarding  the  demand  for oil. 
These  energies  represent  a  very  high  potential.  Even  if some  of  them 
have  already  reached  a  commercial  maturity  (passive  solar heating,  geo-
thennal,  wind  energy,  biomass  and  small  scale  photovolta'ics).  further 
improvement  and  extension  of  their  area  of  application  is  essential. 
Large  scale  solar  photovol taic  must  for  that  matter  be  considered  on 
long  tenm  from  a  cost  reduction  viewpoint.  R &  D in  this field must  be 
continued  in  order  to  improve  the  efficiency and  to  ensure  a  long  life 
time  and  low  degree  of  maintenance  of  the  installations.  In  general 
development  of energy  storage  systems,  improvement  of  knowledge  regard-
ing  the  availability  of  resources,  comprehension  of  energy  needs  which 
can  be  met  by  renewable  energies,  examination  of  technological  aspects 
and  of  production  of  small  scale  components  for  regional  application 
and  the  assembling  of  infonnation  on  the  potential  of renewable  energies 
remain  subjects for further development. 
The  final  objective  of  technologies  of  high  potential,  containing  high 
technical  and  economic  development  risks  is  to  substitute  gas  and  oil 
sources,  the  reserves  of which  will  unavoidably  become  exhausted.  They 
concern  mainly,  fusion  reactors.  This  subject  will  be  dealt  within 
annexe  6.  · 
Horizontal  research  concerns  the  four  preceding  fields  of  activity  and 
includes  in  particular  basic  technologies,  reduction  of  the  impact  on 
the  environment,  transport  and  storage  of  electricity  and  the  develop-
ment  of energy  systems  using  hydrogen. 
Research  and  development  in  systems  analysis  and  modelling  is  fundamen-
tal  and  by  its very  nature  horizontal. 
The  research  orientations  which  have  been  discussed  are  of  interest for 
the  future of energy  in  Europe,  but  also  in  the world.  A good  number  of 
them  have  already  been  embarked  upon  in  the  United-States  and  in  Japan 
and  in  particular  those  which  concern  the  short  and  medium  term  energy 
future.  The  European  Community  has,  by  consequence,  a  double  motivation 
to  promote  the  research  orientation already discussed  and  the  next  pluri-
annual  energy  R&D  programme  illustrates this preoccupation. 
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Conclusions  for the  future 
The  construction  of  a  future  for  energy  in  Europe  will  be  dominated  by 
two  factors  :  technological  innovations  and  the  protection of  the  envi-
ronment. 
The  environmental  dimension  is steadily growing  in  importance  due  to  the 
conciousness  of the population.  It is inconceivable  to continue  an  impor-
tant  nuclear  programme  if  one  is  not  convi need  of  the  safety  of  its 
installations.  It is equally  inconceivable  to launch  a  large coal  utili-
zation  programme  without  consideration  of  the  effect that acid  rain  and 
greenhouse  effects have  on  the ecosystem.  · 
With  respect  to  the  energy  problems  on  short and  medium  term  it is abso-
lutely necessary  to  continue  research  in energy  saving  because  it is one 
of the  best ways  to  increase the  security of supply  and  to  diminish  the 
energetic  impact  on  the environment  and  to ensure  cleaner and  more  effi-
cient combustion  of fuel,  in particular that of coal. 
In  function  of  the  medium  term  problems,  the  main  problem  to  be  solved 
is  the  extension  of  liquid  fuels  available  in  Europe  as  well  as  the 
development  of liquid or gaseous  fuels derived  from  coal, gas  or biomass 
in order to substitute oil. The  efforts undertaken  at the  European  level 
and  in  particular by  the  Commission  are proportionally superior to  those 
of the  IAE,  although  signals  from  the  US  and  Japan  seem  to indicate that 
research  in this field has  become  more  intense. 
The  long  term  horizon  for  energy  implies  that  a  defini.te  effort  should 
bel  underta·ken  in  Europe  in  the  field  of  nuclear  reactors  which  should· 
lead  to  a  substantial  cost  reduction  of  fast  breeder  reactors  and  a 
design  of intrinsically safe reactors  and  acceptable  by  the population. 
The  effort  in  the  field  of  renewables  should  be  maintained  because  in 
the  long  run  renewables  could  contribute significantly  to  energy ·supply 
when  prices  and  costs  of  other  forms  may  have  increased  significantly 
and  when  the  environmental  constraints  may  become  more  difficult  to 
overcome.  The  main  emphasis  of this research  should  be  laid on  to reduc-
tion of exploitation costs. 
Regarding  fusion,  there  is still  a  very,  very  long  way  to  go.  ~Jhen  the 
technical  demonstration  phase  has  been  accomplished,  the  technique 
should  prove  economically  feasible. 
One  should  not  forget  that energy  R&D  will  not  be  carried out  in  isola-
tion  but  in  parallel  with  other  research,  with  possible  cross  fertili-
sation,  allowing  the  creation  of  new  concepts  by  new  combinations  of 
technologies.  All  technologies  may  indirectly  have  spin-off  on  energy 
demand  and  contribute to  new  technologies  for energy  production. 
For  example,  research  on  materhls  (e.g.· supraconductors)  can  have  a 
significant  effect  on  the  transportation  and  storage  of  energy.  The 
subject of radioprotection  in the ulife qualityN  programme  of the  EC  may 
provide  impacts  on  the  conception  and  acceptance  of  nuclear· power  by 
public opinion. 
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Thank  to  mankind's  inventivity  and  technological  innovation,  solutions 
to  energetic  problems  should  always  be  found,  but  they  have  come  at the 
right  moment  so  that  the  change-over  from  oil  to  other  forms  of  energy 
may  be  smooth. 
One  should  not,  due  to  pressure  of  temporary  events  or  action  groups, 
abandon  a  research  subject  without  an  in-depth  analysis  of  the  advan-
tages  and  inconveniences  of  the  techniques  concerned.  The  Conmi ss ion 
must  maintain  and  intensify  its  action  considering  the  needs  of  energy 
RD&D  in collaboration with  its Member  States, even  if the oil  price were 
at $10  per barril. 
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2£.0 ANNEX  6 
CONTROLLED  THERMONUCLEAR  FUSION 
1.  Fusion as  a  potential energy source. 
Every  source  of energy  has  its own  economic,  health and-environmental 
I 
costs.  and  risks. 
The  need  for  the  development  of  a  diversity  of  widely  accessible 
long-term  energy  :sources  which  show  promise  of being  not only 
t~chnologically  feasible  but  also  acceptable  from  the  economic, 
safety,  environmental  and  proliferation points of view  - is  therefore 
being  perceived more  and  more  accurately. 
Because  controlled  thermonuclear  fusion  has  the  potential of becoming 
one  of  the energy  sources  sought  for,  industrialized countries  have 
been  grappling with  RLD  on  a  long-term  and  priority  basis  in  this 
field.  Fusion  has  the  long-term potential  to  open  a  new  way  of power 
generation,  making  a  moderate 
inherent safety,  and  utilizing 
impact  on  the  environment,  having 
practically  inexhaustible and  readily 
accessible  fuels.  As  the 
will  be  very  low  the 
fuel  consumption  of  future  fusion  reactors 
electricity generating costs of a  commercial 
fusion  reactor will  be  dominated  by  capital  investment.  For  instance, 
the  amount  of  primary  fuel  consumed  to generate  1 Million  kWh  of 
electricity in a  fusion  plant  is  about  35  grams  of  lithium converted 
into tritium  and  10  grams  of  deuterium,  as  compared  to,  for  example 
240  tonnes  of oil or  360  tonnes  of hard  coal  in a  fossil-fired plant. 
It  is.  however.  too early  to make  definite statements  on  fusion  as  an 
economically competitive energy  source:  preliminary  studies  of  the 
cost  of  fusion  indicate  that  it  is  of  an  acceptable  order of 
magnitud~.  A substantial contribution  by  fusion  to  the  world  energy 
supply cannot  be  expected before well  into  the  next  century.  The  long-
term  potential  of  fusion  justifies  to  vigorously  continue  its 
development,  whatever  can  be  the  short-term  fluctuations  of oil price. 
Fusion could bring an  essential contribution  to  the  reduction of  the 
economic,  ecological  and  political vulnerability of Europe  in  the  next 
century. 
2.  European  Actions 
In  view  of  fusion's  potential  advantages  for  Europe  and  the  size and 
duration  of  the  RLD  required  for  its  eventual  implementation, 
Community  member  countries  decided  to  integrate  their  individual 
national efforts  into a single European  programme  which  would  support 
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and  coordinate  the  activities  of  all  th~ specialized  laboratories 
located -in  Member  States.  Since  then,  these  laboratories·  have  been 
bound  to  the  Community.  by  contracts of association which  provide  for 
Euratom  participation  in personnel  and  financing.  The  Commission  has·· 
fuJI  executive  responsibility  for  the  programme  and  is assisted  by  a 
consultative committee  for  the  fusion  programme  (CCFPl.  composed  of 
national  experts.  In  addition,  a  joint  undertaking  has  been 
established for  the  JET  project;  a  JET  Council  has  the  responsibility 
for  the  management  of  this  undertaking whose  chief executive and  legal 
representative  is  the  director of  the  project.  The  collective nature 
of  the  Community  fusion 
testified to  by  several 
programme 
decisions 
and  its 
of  ·the 
remarkable  spirit are 
Community's  Council  of 
Ministers.  These  describe  the  Community  fusion  programme  as  "a  long-
term  cooperative  project embracing  all  the  work  carried  out  in  the 
Member  States  in  the  field of controlled  thermonuclear  fusion.  It  is 
designed  to  lead  in due  course  to  the  joint construction  of  prototype 
reactors with  a  vie\<~  to their  industrial  product ion  and  marketing". 
Such  a  venture  is sufficiently  attractive  for  non-member  states  to 
have  joined  with  full  rights and  duties  the  European  fusion effort 
(Sweden,  Switzerland). 
The  main  reasons  for  conducting  research and  development  in  the  field 
of  fusion  on .a  Community  basis  are 
the  scale  of  the  human  and  financial  resources  required,  which 
suggests  that such  a  development  could  hardly be  carried out  on  · 
national  basis; 
the  long  time-scale  of  the  effort  (extending  into  the  next 
century)  needed  to arrive at  the  construction of  the  reactor; 
the existence of a  collective need,  common  to all Member  States; 
the  realization of a  European  market  for European  industries  in 
domains  of high-technologies; 
in  the  event  of  success,  the  opening-u~ of a  wide  Community 
market  for  the  European  reactor; 
to provide  a  potential partner of comparable  size  to  the  3 other 
world  fusion  programmes,  fostering  thereby  internal ional 
collaboration  in  the  field of  fusion; 
the  quality  of  the  European  Fusion 
position  is  acknowledged  worldwide, 
Switzerland are fullyassociated. 
Programme  whose  leading 
and  to  which  Sweden  and 
Fusion  is  therefore  fn  line with  the criteria  pertinent  to  Community 
RIID  programmes. 
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3.  Objectives  and  content of  the  programme 
The  path  towards  fusion  reactors· for  energy  production can  be  divided. 
albeit arbitrarily,  into  three  stages·:  demonstration of scientific 
feasibility,  of  technological  feasibility,  and  eventually of economic 
feasibility.  These  steps are not  independent  and  interfere  in many 
respects.  The  Community  fusion  programme  has  been  able  to c.oncentrate 
on  the most  promising  line,  the  toroidal  magnetic  confinement,  and 
within  this  approach  to  maintain  the necessary breadth.  Presently, 
with JET  (Joint European  Torus),  the  medium-size  tokamaks  and  their 
foreign equivalents,  we  are  still primarily  in  the scientific stage. 
The  Next  European  Torus  <NET),  now  in  the  pre-design  phase,  is 
conceived  at  present  as  a  device  which  should  fully  confirm  the 
scientific  feasibility  of  fusion  in  a  first  stage  and  the 
technological  feasibility  in a  second  stage. 
Within  this  strategy  (JET  and  other  tokamaks,  NET,  DEMOnstration 
reactor),  the main  objectives  for  the  programme  (lst  January  1988  to 
31  March  1992)  recently adopted  by  the  Council  of Ministers  are  : 
to establish  the  physics  and  technology basis  necessary  for  the 
detailed design of  NET;  in  the  field  of  physics  and  plasma 
engineering  this  implies  the  full  exploitation of  JET  and  of 
several medium-sized  specialized  tokamaks  in  existence  or  in 
construction,  and  in  the  field of  technology  the  strengthening of 
the current  fusion  technology  programme; 
to embark  on  the  detailed design  of NET  before  the  end  of  the 
prograJIUDe  period  if the  necessary data base exists at  that  time 
(but  not  before  the  next  revision.  foreseen  for  January  1st, 
1991); 
to  explore  the  reactor  potential  of  some  alternative  lines 
(mainly Stellarator and  Reversed  Field Pinch) . 
. The  above-mentioned  adopted  programme  concerns  only  JET  and  the 
General  Programme  NET,  Technology,  and  physics  and  plasma 
engineering conducted  in  the  associated  laboratories).  The  fusion 
activities of  the Joint  Research  Centre.  which  from  a  scientific and 
technical  point of view  are  fully  integrated within  the overall  fusion 
programme,  are,  however,  governed  by  another  Council  decision.  In 
current money,  the  amount  of  Community  resources  available  · for  the 
period  (4  1/4  years)  mentioned  above  (exclusive of  JRC,  Sweden  and 
Switzerland)  is estimated at  735  MioECU,  of which  :  2 6  '3 - 4  -
- -- 406  MioECU  are  for  the  general  programme  <rate  of  financing  by 
the  Community  varying  between  25%  and  100%  according  to  the 
priority character of  these activities) 
329  MioECU  are  for  JET  (80%  financing  by  the  Community). 
To  such  an  amount  of  735  MioECU  incurred  by  the  . budget  of  the 
Communities,  corresponds  nearly  1,100  MioECU  to  be  incurred  by  the 
national  administrations  and  other sectors at national  level,  so  that 
the  overall  expenditure  for  fusion  <exclusive  of JRC,  Sweden  and 
Switzerland)  for  4  1/4  years will amount  to about  1,800  MioECU. 
4.  Present situation  in  Europe 
Scientific and  technical  achievements  place Europe  in  the  forefront  of 
world-wide  magnetic  fusion  research,  as  it  has  recently  been 
acknowledged  at  the  Conference  organized by  the  International  Atomic 
Energy  Agency  (IAEA)  at  Nice  this  year  (12  to  19  October,  1988). 
JET,  the  flagship  of  the  Community  fusion  programme,  is  the 
world's  largest experiment.  It  achieved  its  initial objectives 
for  the  basic  performance  phase  on  time  and  in budget,  and  the 
implementation of  the extension  to  full  performanc~ is well  under 
way.  It  has  made  a  large-,  step  towards  the  demonstration of  the 
scientific  feasibility  of  fusion:  At  halfway  stage  of  the 
scheduled experimental  programme,  JET  has  not  only  reached  plasma 
<ion  and  electron)  temperatures  above  100  million degrees  (and, 
even,  ion  temperatures  up  to  150  million degrees,  i.e.  ten  times 
.hotter than  in  the  centre  of  the  sun)  but  also  achieved  the 
required plasma  density and  the  necessary confinement  time  for  a 
reactor,  but  not  at  the  same  time.  Nevertheless,  the  highest 
"fusion product"  <density  x temperature x  confinement  time  at  the 
same  time)  was  obtained on  JET  and  corresponds  to one  fourth of 
the  necessary  value  for  "breakeven"  (total  fusion  power  equal  to 
additional  heating  power).  JET  is  the  only  machine  to have 
achieved confinement  times  greater  than  one  second.  The  record 
plasma  heating current of  7  million  Amperes  is  more  than  twice 
that of any  other  fusion  experiment. 
The  European  medium-size  tokamaks  contr-ibute  in  a  powerful  way  to 
the  progress  of  fusion  and  to  the  success of JET  by  experimenting 
with different  configurations  and  exploring  new  heating methods 
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and  by  developing  new  diagnostics.  As  an  example, ..  the  so-called 
"magnetic divertor"  operation on  the  ASOEX  tokamak  at Garching 
(0)  has  led  . to  the  discovery  of  the  favourable  "H-mode" 
confinement. 
Europe  is  also  leading  in research on  Stellarators and  Reversed 
Field Pinches  (alternative configurations  to  the  tokamak). 
The  construction  and  commissioning  of  new  devices  proceeds 
according  to  schedule.  The  largest  superconducting  tokamak  in  the 
world  - TORE-SUPRA  at  Cadarache  (f)  - has  started operation  in 
April  1988  and  should  reach  its full  performance  (1.7 million 
Amperes  and  plasma  pulse of  30  seconds)  in  two-year's  time.  The 
(modular)  advanced  Stellarator WENOELSTEIN-VII-AS  at Garching  <Dl 
has  just come  into  operation.  Other  machines:  ASDEX-UPGRADE 
(Garching,  0),  RFX  and  FTU  (Padova  and  Frascati  respectively,  Il, 
COMPASS  (Culham,  UK)  and  TCV  (Lausanne,  CHl  are  in  the 
construction phase. 
European  industry  has  built  all  these  devices  <to  give  an 
example,  more  than  98%  in cost of JET  contracts  has  been  placed 
within Europe)  and  has  already been  entrusted with  some  long-term 
advanced  development.  Its  involvement  should make  a  qualitative 
and  quantitative  jump  when  a  decision  is  taken  on  the  start of 
the  engi~eering design of  NET. 
NET  is  in  the  pre-design  phase.  The  main  performance 
specifications  have  been  tentatively  selected,  resulting  in a 
coherent set of parameters  which  is  presently  being  used  for 
further  optimization  and  for  guidance  of  the  technology 
programme. 
The  orderly  implementation  of 
important  achievement  of  the 
work  is oriented  towards  NET, 
activities.  Efforts  are 
the  technology  programme  is  an 
recent years.  The  main  part of  the 
but  there  are  also  longer  term 
concent~ated  in  the  fields  of 
superconducting  magnets,  tritium,  blanket, 
materials,  safety and  environment. 
remote  handling, 
Outside magnetic  fusion,  a  "keep  in  touch"  activity  is  maintained  in 
the  field of  laser-fusion,  and  muon-catalysed  fusion  is  kept  under 
review. 
The  COmmunity  approach,  which  has  made  possible  the setting  up  of  the 
JET  Joint Undertaking  (1978)  and  of  the NET-teaa  (1983),  has  led also 
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to  the  implementation of an  intensi~e collaboration between  the  fusion 
laboratories.  Host  of  the  Associations  do  work  for  another Associat-ion 
and  all  of  them  work  for  JET  and  for  NET  through different  types  of 
contracts  and  agreements.  The  Community  Fusion  Programme  has 
efficiently built  a  true  scientific and  technical  community  of  large 
and  small  laboratories,  readily  able  to  welcome  newcomers,  and 
directed  towards  a  common  goal.  Among  the  many  dispositions  taken  to 
ensure  the  true Community  character  of  the 
mobility  deserves  a  special  mention 
professionals  (out of a  total of about  1,200 
via "mobility  contracts", to  work  outside 
Fusion  Programme,  staff 
each  year  more  than  200 
professionals)·are sent, 
their home  la~oratory for 
periods  up  to  I  year.  JET  represents  an  extreme  case  in  this domain, 
since  this  mission-oriented  project  is  run  by  personnel  from  the 
national organizations,  which  committed  themselves  to  re-integrate 
their staff after termination-of  secondment  to  JET. 
5.  International collaboration 
This  leading  position of  the  Community  fusion  programme  makes  Europe 
an  appealing  partner  for  international  collaboration  both  in 
bilateral  frames  (Canada,  Japan,  United  States)  and  within 
(OECD,  IAEA) .  While  in  the  past  multinational  organisations 
international  collaboration 
specific points,  it  takes 
aspects  : 
was  mostly  the object of agreements  on 
at  present  wider  and  more  substantial 
Bilateral  Framework  Agreements.  The  situation is  the  following 
with  : 
Canada  :  Memorandum  of Understanding  signed  in March  1986. 
USA  :  Agreement  of Cooperation  signed  in December  1986 
Japan  :  the  text  of  the  Agreement  has  been  agreed  upon  at  the 
technical  level  and  the  procedure  aiming  at a  Council  decision 
approving  the  Conclusion of  the  Agreement  started.in September 
1988,  so  that  the  signature  is expected  for  the  end  of  1988. 
Implementing  Agreements  in  the  framework  of  the  lEA  (OECD) 
•  Tokamaks  : 
o  TEXTOR  <signed  in  1977):  15  years duration 
o  ASDEX  and  ASDEX-UPGRADE  (signed  in  1985):  10  years  duration - 7  -
o  THE  THREE  LARGE  TOKAMAKS  (JET,  TFTR  and  JF-60),  signed  in 
1986):  5 years  duration 
*  Alternative  lines  : 
o  STELLARATORS  <signed  in  1985):  5 years duration 
o  REVERSED  FIELD  PINCHES  :  in preparation  and  possibly  to be 
concluded at beginning  1989 
*  Technology  : 
0  LARGE  COIL  TASK  (signed  in  1977)  joint  experiment 
concluded  and  final  report  in  preparation 
o  FUSION  MATERIALS  (signed  in  1981)  :  Annex  I  discontinued, 
duration of Annex  II  of  10  years,  Annex  III  in preparation 
o  SAFETY  AND  ENVIRONMENTAL-ASPECTS  OF  FUSION  :  in preparation 
and  possibly  to be  concluded at beginning of  1989. 
Quadripartite  cooperation  on  an  International·  Thermonuclear 
Experimental  Reactor  <ITER)  under  IAEA  auspices 
The  Agreement  of  participation  by  the  European  Atomic  Energy 
Community  in  the  ITER  Conceptual  Design  Activities,  together with 
Japan,  the  Union  of  Soviet Socialist  Republics,  and  the  United 
States of  America,  has  been  signed  in February  1988.  The  four 
large  fusion  programmes  of the  world  <EC,  Japan,  USA,  USSR)  have 
decided  to coordinate  their efforts aiming  at a  specific goal  : 
producing  by  1990  through  a  collaborative effort of  four  parties 
having  equal  status and  making  equal  contributions a  conceptual . 
design  of  an  ITER,  and  coordinating  supportive  research 
activities.  Such  a  collaboration  has  been  made  possible because 
these  four  programmes  have  similar  strategies  towards  the 
demonstration  fusion  reactor.  The  NET  activity,  which  will 
continue  as  planned  until  a  possible  international  solution 
offering convincing  guarantees  is  found  for  the Next  Step,  forms 
the  focal  point  for  this  collaboration.  Indeed,  not  only  the 
technical  site  for  joint  work  on  ITER  conceptual  design 
activities has  been  chosen  to be  the  same  as  the site of  the  NET-
team  (Garching,  D),  but  also  the  reference  parameters  chosen 
preliminarily at  the  end  of  the  definition phase  for  ITER  are 
similar  to  those of  NET. 
The  importance of  this  world-wide  collaboration  is  such  that 
ITER  was  explicitly  mentioned  in  the joint Statements of  the 
Washington  and  Moscow  summits  between  President  -Reagan_  and 
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Finally,  following  the approval  by  the Council  oLthe conclusion 
by  the  Commission  of  a·  Memorandum  of  Understanding  between 
EURATOM  and  the Government  of Canada  on  the  involvement  of  Canada 
in  the  EURATOM  contribution  to  the  ITER  Conceptual  Design 
Activities,  this  Memorandum  was  signed on  October  3rd,  1988.  The 
quadripartite collaboration on  ITER  is  statutory  so  that  any 
collaboration to  ITER  by  any  other  country should  be  implemented 
through  one  of  the  four partners. 
6.  Situation  in  the  world 
As  already mentioned  there  exists,  besides  the  EC  fusion  programme, 
three  other  large  programmes  having  similar strategies:  sequential 
demonstration of scientific,  technological  and  commercial  feasibility 
·with some  differences  on  the necessary overlapping  between  the  three 
phases.  As  far  as  staff and  funding  are  concerned,  each  programme  is 
also  comparable  to  the  EC  programme  in  the  field  of  magnetic 
confinement. 
US  programme  :  It followsboth  the magnetic  confinement  approach 
<two  thirds  of-overall expenditure>  and  the  inertial confinement 
approach  (one  third). 
Within the  magnetic  confinement 
intensively  followed  with  TFTR 
D  I II  D rna in  1  y. 
approach,  the  tokamak  line  is 
<the  US  equivalent  of  JET),  and 
Scientific progress  and  limitation  in  funding  have  led  the  US 
magnetices  fusion  programme  to  narrow  its previously very  broad 
spectrum of  activities.  It  is actively  .supporting  its research 
work  on  alternative  toroidal  configurations  but  has  sharply 
decreased  its  efforts  on  . magnetic  mirror  configurations;.  A 
Compact  Ignition Tokamak  (CIT)  is  ir.  the design phase  :  this high 
field  tokamak  should  allow  to  study experimentally  the  physics  of 
a  burning  plasma. 
The  US  inertial  confinement  programme  is  the  largest  in  the 
world  :  its  . future  development  is  difficult  to  predict,  in 
particular  because  of  its  many  l.ihks  with military programmes 
(SDI). 
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Japanese  programme 
Although  Japan  is a  late-comer,  fusion  research has  received high 
priority in Japan  in  particular  under  the  initiative  of  the 
Japanese Atomic  Energy  Commission.  The  Japanese  effort  is  now  at 
a  level  comparable  to  the one  of  the  EC  and  of  the  US. 
The  magnetic  confinement  effort  is well  illustrated by  the  large 
tokamak  JT-60  in  which  a  plasma  current  of  2  MA  could  non-
inductively be  driven.  JT  60  needs  modifications  in  order  to 
improve  its  performances.  The  stellarator line  (Heliotron-E  is 
the  largest stellarator  in  the world,  and  other alternative  lines 
are also investigated. 
A comprehensive  inertial confinement  programme  of high  quality  is 
underway  in a  specialized  Institute of  Osaka  University.  It  is 
totally unclassified. 
Soviet programme 
The  Soviet Programme  has  produced  brilliant results  (Tokamak  is  a 
Soviet concept  f);  at present  it  is  characterized  by  a  large 
number  of  well  trained  physicists,  relatively  modest 
technological  realizations  <no  device of  the  size of  JET),  and  a 
wide  spectrum of activities.  Here  also,  the  tokamak  line receives 
the  largest attention.  A new  tokamak  with  high  magnetic  field 
<TSP)  came  into  operation  at  the  beginning  of  1988;  it  is 
designed  for  tritium operation.  A superconducting  tokamak  T 15, 
similar  to  the  European  TORE-SUPRA  already  in operation,  is 
nearing completion. 
7.  Near-term  issues of  fusion 
Tokamaks  will  continue  to  occupy  the  forefront  of  magnetic  fusion 
research.  The  most  impressive  results  so  far  in  fusion  research have 
been obtained  in  these devices  :  the  "fusion product"  (ion  temperature 
till!.es  ion  density  times  confinement  timel,which  is  the  best  figure of 
merit  on  the  way  to  the reactor,  has  increased by  almost  four orders 
of magnitude  during  the past  20  years  and  is  now  only a  factor  4  away 
from breakeven,  and  slightly  more  than  one  order  of magnitude  from 
ignition,  which  is our  longed  for milestone marking  the achievement  of 
the  proof of  the scientific feasibility  of  fusion.  The  principal  key 
to such  progress  has  been  the  increase  in  gross machine  parameters 
and  the relative simplicity of  the  tokaaak  concept.  The  last untouched  269 - 10  -
· physics  problem  so  far,  alpha-particle  heating,  should  become 
accessible  to experimentation  in  about  3  years  from  now,  when  TFTR, 
JET  and  TSP  wi)l  enter their phase of tritium operation. 
The  technological  problems  associated with  Deuterium-Tritium  fusion 
reactors,  which  will  have  to  breed  their  own  fuel  (tritium)  in a 
blanket  containing  lithium and  surrounding  the  reacting plasma,  have 
gradually  been  revealed  by  the  many  conceptual  reactors designs 
produced  within  .the world  fusion community  over more  than  a  decade. 
These  studies  have  also  evidenced  that  achieving  the  potential 
environmental  and. safety· advantages  of  fusion will  not  materialize 
automatically  but  will  depend  in  a  large  measure  on  designs 
specifically tailored  to  this end,  in which  the  use  of  low-activation 
materials  could  play an  important  role.  They  have  shown  also how 
economic  competitiveness  will  depend  on  attaining  plasma  and 
engineering performances  which  are not  yet assured. 
Although  some  mysteries still remain,  the conclusion of  the  scientific 
phase  of  fusion  is  now  in. sight,  and  it is  therefore  timely  to plan 
for  the  Next  Step device on  the  road  towards  a  prototype reactor. 
Next  Step machines.are at present  in  the  pre-design phase  both  within 
the  large  fusion  programmes  (for  example,  NET  in  the  European 
Community)  or  in  the  quadripartite  venture  ITER.  ITER,  whose 
definition phase  has  just  come  to  an  end,  is conceived as a  tokamak 
device which,  to quote  from  its Terms  of Reference,  "will  provide  the 
data  base  in  physics  and  technology  necessary for  the· design and 
construction of a  demonstration  fusion  power  plant".  It  is estimated 
that  three decades  of  R&D  will  be  required before  such  a  demonstration 
reactor can  become  operational. 
With  the  Next  Step,  there exists  the  need  not  only  to develop,  test 
and  demonstrate  technologies applicable to  future  fusion reactors,  but 
also  to define safety  standards  for  these reactors.  And  it  will be 
only during  the  construction and  exploitation of  the  Next  Step  that  we 
·will  reach  a  sufficient basis  to  evaluate  with  some  certainty the 
overall  potent ia·l  of  fusion as an  energy  source. 
As  in  the  case of any  major  decision on  high  technology,  a  decision  to 
embark  on  the detailed  design of  the  Next  Step,  will  have  a  strong 
political  component.  This  decision  shall  be  substantiated on  three 
different grounds 
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A  sound  scientific  and  technical  basis  is  needed  :  work  in 
progress  on  both  the scientific and  the  technological  sides  makes 
us  reasonably confident  abo~t this  point. 
The  scientific  Community  should  present  convincing  safety, 
environmental  and,  as  far  as  possible,  economic  arguments  in 
favour  of  fusion.  So  already now,  long  before  the  characteristics 
of a practical  reactor are  known  in some  detail,  it is essential, 
even  if  very  challenging,  to  undertake  a  systematic  and 
continuous  assessment  of  fusion's  potential  to  achieve attractive 
combinations  of  environmental,  safety  and  economic 
characteristics.  International collaboration  should  be  used  to 
its  maximum  extent  to  make  progress  in  these  fields  where  it 
could be  particularly  helpful.  Indeed,  first  steps  are  being 
taken  in  this direction  in  the  framework  of  the  lEA. 
Concrete  plans  should  be  developed  on  how  the  major  fusion 
programmes  could  take  full  advantage  of  a  wide  international 
cooperation,  cooperation  which  could  lead  to a  single device  or 
to  the  joint  planning  of  Next  Step  activities.  Indeed 
interna,tional  cooperation  will  become  more  and  more  a  necessity 
if we  want  to make  the most  efficient use  of  the  resources  of  the 
world  fusion  community.  These  include,  as  a  particularly precious 
element,  a  highly qualified staff,  whose  dedication  will  be  a 
necessary condition  for  the  success of  the  Next  Step,  but  whose 
full  utilization requires  that  the  Next  Step  be  undertaken  as 
soon  as  technically feasible. 
It  should  be  stressed  that  International  cooperation,  even  if 
extrapolated  to an  unprecedented  level,  cannot  substitute  for  strong 
"domestic"  programmes.  The  four  large  fusion  programmes  of  the  world 
are  at  present  working  together  in  the  ITER  Conceptual  Design 
Activities  to  provide,  at  the end·  of  1990,  a  design which  will  then 
be  available  for all Parties  to  use,  either  in  their  own  national 
programme  or  as  part of a  larger  international cooperative programme. 
Some  of  the  ITER  Parties  have  also national  plans  to  embark  at  about 
the  same  time-on  the detailed  design of  a  similar Next  Step.  It  is 
difficult  to make  any  prediction on  the  framework  in which  the  Next 
Step(s)  will  eventually be  built,  but all options  should be  kept  open 
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. in order  to  lay  the ground  for  a  decision  to start  the  realization of 
the  Next  Step(s)  early  in  the  nineties. 
8.  Financial  Implications  for  Europe 
By  virtue of 
technological 
should  remain 
Community; 
its  important 
interest  and 
one  of  the 
objectives,  its  excellent  record,  its 
its absolute  Community  character,  fusion 
most  important  R&D  programmes  of  the 
The  Community  funding  foreseen  within  the  recently adopted  fusion 
programme  amounts  to·about  200  MioECU  per  year  (including  JRC  fusion 
activities)  corresponding  to an  overall  yearly expenditure  for  Fusion 
in Europe  of about  450  Mio  Ecu.  While  the.  physics  activities  in  the 
European  fusion  laboratories will  have  the  tendency  to  decrease  in  the 
long  term,  the  technology will  increase  so  that one  could  foresee  the 
need  of  a  roughly  constant  level  of  funding  for  research outside  (but 
supporting of)  the Next  Step proper. 
The  present  and  very  preliminary cost  estimates  for  the construction· 
of  the  Next  Step  amounts  to  some  3,000  MioECU.  The  detailed design 
would  cost about  10%  of  this  figure,  i.e.  about  300  MioECU.  Such 
detailed  design  will  ·last  at  least  three years  so  that  almost  100 
MioECU  per year will  be  necessary  for  the  Next  Step  proper during  the 
design phase,  to  be  initiated possibly  in  1991/92 . 
. In  subsequent  years,  JET  would  be  phased  out.  and  NET  would 
progressively  take  up  momentum  insuring  continuity  <with  gradual 
expansion)  in  the use of  the human,  technical  and  financial  resources. 
As  far  as  the  ·construction of  the  Next  Step  is  concerned,  this  phase 
could start around  1995  and  last  about  six  years.  The  necessary 
increase of Community  funding  will depend  on  : 
whether  such  Next  Step  will  be  built on  a  Community  basis  (NET) 
or at world  level  (ITER).  The  construction of  the  Next  Step by 
four  parties  instead of  one  alone  would  represent  for  each one, 
in spite of all difficulties,  a  reduction  in  cost  of  about  a 
factor  3. 
which  framework  will  be 
Undertaking,  as  for JET, 
other scheme  ? ) • 
established at Community  level  (a Joint 
.  . 
with  .80%  Community  funding,  or  some 
272 - 13  -
Within  the  strategy _  _of  the Community  fusion  programme,  a  milestone 
for  the  assessment  of  these  financial  implications will  be  the  next 
revision  (to  be  preceded  by  an  independent  evaluation)  of  the 
programme  foreseen  on  January  1991.  At  that  time  it  would  be 
appropriate  to  decide  when  to  start  the  detailed design of  NET. 
taking  into  account  the  results  of  the  ITER  Conceptual  designed 
activities  (due  to be  completed at  the end  of  1990). 
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ENVIRONMENT 
A.  INTRODUCTION 
l.  The  environment,  its prot•cd.o"n,  and  the quality of  life 
.  . .  "i  . 
for Man,  are subjects of high public-"-and  policy interest. Pressures 
for  improved  environment  protection,  continue  unabated.  They  are 
fueled  by  incidents  such  as  the pollution of  the Rhine,  the  ozone 
hole •  algal  bloom  in  the  North  Sea  and  the  death  of  seals;  by 
improved  communications  and  relentless  press  coverage;  and  by 
greater  public  awareness  reinforced  by  growing  recreation  and 
leisure  activities.  The  Community's  policies  inevitably  reflect 
these pressures.  Environment protection is a  Community  issue in its 
own  right.  It is also  included,  under  the  European  Single Act,  as 
an  important  element  in  other  CollllllUnity  and  wider  policies  for 
industry  •. agd,culture.  fisheries  and  aid  to  developing  countries. 
Such  policies must. increasingly seek to predict and  prevent natural 
and  man-made  problema  of  the  environment.  We  cannot  continue  t~ b~ 
reactive to the problems of  the day;  we  must  probe  the future.  -- . 
*  2.  Thus.  environmental  research  •  is  directly  linked  to  a  well 
defined  C0111111unity  policy~ . It  has  to  respond  to  specific  problems 
derived  from  the  Environmental  Action  Programme;  this  imposes 
certain prerequisites in the content of the programme. 
* The  term "environmental research''  in this context does not 
include problems linked to nuclear energy  and  radioactive 
pollution (cf.  annex  9). 
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3.  Unlike  other  programmes  which  are  aimed  at  advancing 
technologies  in  order  to  increase  Europe's . competitivity  world 
wide,  environmental  research  has  to  identify  the  constraints  to 
technological developments,  imposed by  the need  to maintain or even 
improve  the quality of life in Europe  and  to protect our resources. 
It should help to overcome  the conflict of interest between  economy 
and  ecology.  The  benefits from  environmental research can therefore 
not be measured  in direct economic  terms. 
4.  Under  the  pressure  of  environmental  legislation,  technologies 
for  the  abatement  of  environmental  pollution,  without  any  doubt, 
have  conquered  a  substantial  market.  This  is  of  considerable 
economic  significance.  The  basis  of  such  technologies  is,  however, 
not  substantially  different  from  that  which  applies  in  the 
production  cycle.  Their  promotion  is  very  much  a  problem  of 
adaptation and  demonstration  and  to  a  lesser extent  of  fundamental 
research.  In  certain  areas,  however,  in  particular  in  the 
development of new,  low•emission production technologies,  Community 
environmental  research  has  an  important  role.  Through  the 
definition  of  norms  and  standards  the  Community  will  have  a 
considerable  impact  on  industry,  and  an association of  industry to 
research activities in this field  seems  advisable. 
5.  Many  environmental  problems  have  a  global  dimension, ·such  as 
global  change  or  stratospheric  ozone  depletion.  In  such  areas, 
European  research  cannot  be  separated  from  the  world-wide  effort 
which  expresses  itself  in  programmes  such  as  IGBP  (International 
Geosphere-Biosphere  Programme) •  In  these  areas  the  role  of  the 
Community  programme  is  to  assist  in  providing  coordinated  European 
input  to  the  global  efforts,  thus  strengthening  the  position  of 
Europe  in a  world-wide  context. 
B.  RESEARCH  TRENDS  AND  NEEDS 
6.  The  complexity  of  environmental  problems  makes  a  breakdown  to 
specific  research  areas  very  difficult;  the  traditional separation 
of  problems  by  media  (air,  water,  soil)  has  been  abandoned  in 
favour  of  a  holistic view.  To  a  certain  extent,  research  problems 
may,  however,  be  categorized under  three interdependent sets! 
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- understanding  th~ basic phenomena 
detection and' interpretation of  environmental  changes 
prevention of  the degradation of  the environment. 
The  most  important  environmental  issues  are  addressed  in  the 
following.  with  an indication,  as  far  as  possible,  of  the research 
requirements identified. 
7.  Climate  and  Climate  Change  - the  Greenhouse  Effect.  We  are 
dependent  upon  climate  and  ita  variability  for  our  survival. 
Climate  controls  the  basic  parameters  of  our  water  supplies, 
agriculture  and  forestry,  energy  and  water  requirements,  and 
transport  infrastructure.  Societies  have  evolved  to  cope  with 
their characteristic  ..  climates  and  associated  extremes.  But  climate 
is  variable  not ·only  in  terms  of  longer  term  oscillations  (eg 
glaciations).  Individual events  and  long term trends can have major 
impacts upon  the environment  and  on  socio-economic structures. 
8.  There  is  a  ecientific  consensus  that  a  significant  climate 
change  will  occur  during  the  next  century  as  a  result  of  human 
activities. Greenhouse  gases  such as  co2  and  their climatic effects 
may  be  the  biggest  single  issue  or  threat  facing  man  and  the 
environment  as  we  enter  the  21st  Century.  As  with  all  climate 
issues,  we  will  need  to  understand  the  processes  involved  and  to 
develop  the . means . to  predict  change  and  its  consequences.  This 
includes  investigation  of  cloud-radiation  interactions.  ocean. 
circulation  and  air/sea  fluxes,  and  effects  of  co2,  warming  upon 
the  melting  of  the  ice  caps  together  with  the  consequences  for 
Europe  and  for developing countries. 
9.  It is important  to  note  that  there is no  complete  explanation 
of natural and man-made  fluctuations in climate,  and  that there are 
no  reliable methods  for  their prediction especially at regional and 
local levels.  Also,  some  interactions between 
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climate  change  and  environmental  pollution are  obvious.  but  others 
are  mor~ subtle.  There  are.  for  example.  strong  suspicions  of  the 
interactions  between  atmospheric  pollutants.  climate  extremes  and 
climate change  in the phenomena of forest decline. 
10.  Sea-Level·  Rise  could  be  one  of  the  most  striking 
consequences  of  climate  change.  Over  the  past  100  years.  global 
mean  sea  level  has  risen  10-15  em.  Future  warming  from  the 
greenhouse  effect  could  lead  to  a  sea-level  rise  of  50-100  em  by 
the  year  2025.  The  coastal  lowlands  of  the  North  Sea  Basin. 
Atlantic  Seaboard  and  Mediterranean would  be  vulnerable  to  such  a 
rise.  These  include  many  of  our  most  fertile  agricultural  and 
densely  populated  areas  as  well  as  deltas.  estuaries.  sand  dunes 
and wetlands of recreation,  amenity and  conservation interest.  This 
applies  equally  to  developing  countries  and  especially  to  those 
already under  threat by  frequent  and  extreme  climatic events.  They 
would  all be  subject  to  erosion,  inundation,  salination  and  storm 
surges  which  would  overcome  sea  defences  designed  to  meet  lower 
mean  and  extreme sea levels. 
11.  Climatic  Change  Impacts  on  Land,  Water  and  Other 
Resources.  This is a  much  more  complex area because of  the possible 
regional  variations  in  climate  change.  But  how  can  climate 
variations  and  changes  affect  our  basic  resources?  What  are  the 
means  of  predicting  climate  extremes  such  as  droughts,  floods, 
severe  frosts,  snow  storms,  tides  and  wave  surges?  It  is  these 
events  that cause such heavy  tolls of life and  property. 
How  can we  forespell  the  impact of  changes  in temperature 
and  rainfall  and  variations  in  extreme  events  upon  agriculture, 
forestry  and  water  resources,  and  which  remedial  or  adaptive 
measures  can be envisaged? 
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12.  Natural  Hazards.  Many  natural  hazards  aggravated  by  the 
action  of  man,  link  with  the  issues  described  above  thus 
underlining the horizontal and vertical dimensions of environmental 
and  climatological research.  The  interactions between  these  sectors 
are critical in terms of mutually reinforcing protection policies. 
Processes  involved  in  salinisation,  erosion,  flash 
flooding  and  wildfires have  to be better understood  to protect man, 
livestock,  crops and  forests  from  local catastrophies. 
13.  Seismic  Hazards  are  also  of  concern  especially  in  those 
areas  in tectonicly active  areas.  No  European  country  is entirely 
free  of risk.  Man-induced  hazards  are also of  concern  in the older 
industrialised  countries  with  abandoned  deep  mine  workings.  Our 
aims  are.to understand  and  measure  strong motion  phenomena,  and  to 
develop  seismic  hazard  monitoring,  data  and  information,  and 
warning  systems. 
14.  Stratospheric  Ozone.  The  appearance  of  holes  above  the 
polar regions alerted us  to the depletion of the Earth's protective 
ozone  layer  by  chlorofluorocarbons  {CFC' s)  and  other  chemicals. 
'Whilst  initial actions  have  been  taken  to  control  CFC  emissions. 
there  are  strong  indications  that  depletion  continues·,  posing 
serious global threats to man  and  the  environment  from  increased UV 
irradiation. 
ozone 
At  the  same  time, 
could  have  feedbacks 
depletion  and/or  redistribution  of 
on  climate.  The  possibility  of 
reinforcement  of  climate  changes  induced  by  the  greenhouse  effect 
cannot be  ignored,  over  and  above  any  possible effects of  increased 
UV  irradiation.  Causes,  processes and  rates of  change  involved,  and 
their possible consequences  need  to be better understood. 
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.15.  Air Pollution,  and Its Effects on Terrestrial and  Aquatic 
Ecosystems.  Increasing  emphasis  is  being  placed  upon  problems  of 
photooxidant  pollution;  and  on  more  complex  issues  such  as  the 
interactive  effects  of  mixtures  of  pollutant  and  other  stresses 
upon  trees  and  forests  in relation to forest  decline,  of pollution 
and  land  use  upon  aquatic  sys.tems,  and  of  defining  pollution 
climates  including  the  actual  fluxes  and  critical  loads  to 
sensitive parts of ecosystems. 
16.  Assessment  of  Chemicals.  There  is  a  lack  of  standard 
procedures  which  reduce ·the  use·  of  vertebrate  animals,  and  take 
advantage  of  developments  in  the  assessment  of  mutagenicity, 
carcinogenicity,  cellular  toxic:ity,  metabolic  activity  and 
structural  activity  relationships  of  new  and  existing  chemicals. 
Procedures for assessing both abiotic degradation,  and  the pathways 
and ecological effects of chemicals,  must also be developed. 
17.  Environment  and  Human  Health.  A  target  orientated  and 
preventive  approach  to  the  protection  of  the  groups  most  at  risk 
throughout  the  Community  includes,  inter alia,  the  development  of 
population monitoring  methods  and  systems  to  identify  such  groups, 
and  to  detect  and  measure  preclinical  effects  (eg  nephrotoxicity, 
neurotoxicity,  biological markers).  These  can be  applied  to studies 
of  both  indoor  air quality  and  general  environmental  quality,  and 
their  effects  on  man.  The  most  challenging  and  urgent  priority, 
however,  is  to  overcome  the  notorious  problems  of  developing 
CoJDlllunity-wide  approaches  to  epidemiological  surveillance  in 
co-operation with WHO  and other international agencies. 
18.  Toxic  Waste  Disposal.  Intractable  wastes  continue  to 
come  by  changes  in  create  problems  of  disposal.  Often,  advances 
manufacturing  processes 
established  problems 
and  in  new 
a  major  force 
products  which  reduce 
in  the  improvement  of 
environmental  standards.  Yet  they  somet:l.Jnes  create  new  problems. 
Modest  advances will continue to be made  but spectacular progress 
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is unlikely without  the.development  of new,  clean technologies.  The 
potential  exceptions  may  lie  in  the  applications  of  computer 
assisted optimisation processes,  although current  evidence  suggests 
the  latter need  to  be  tailored  to  specific  disposal  processes  and 
wastes. 
19.  Soils  and  Groundwater  a.  There  is  profound  concern  in 
Europe  about  the  state of  our  soils,  their  conservation  and  their 
optimal · management  as  a  sustainable  resource.  Initiatives  in  the 
Community  must  be  based  on  sound  scientific guidelines.  We  need  to 
understand  the  reactions  of . soils  to  management  practices  which 
accelerate  erosion,  desertification,  etc.;  to  excessive 
fertilisation;  to  waste  disposal;  and  to  many  forms  of  pollution 
(eg  acidification),  together  with  their  mediating  effects  upon 
surface  and  groundwater  quality.  The  significance  of  soil-derived 
particulates  and  associated  chemicals  in  river,  estuarine  and 
marine pollution, is becoming  increasingly apparent. 
20.  Freshwater  Quality.  The  primary  need  is  to  devdop  the 
techniques  and  methodologies  to  sample  rapidly.  a  wide  range  of 
complex  and  potentially  hazardous  chemicals,  notably  in  the 
organo-metallic  and  non-volatile  groups.  These  include  pesticides. 
and  their  breakdown  products.  Progress  is  also  needed  in 
understanding  the  transformations,  fates  and  effects  of  such 
chemicals.  Increasing attention must  be paid  to the riverine inputs 
of these chemicals to,  and  their behaviour and  impacts in estuarine 
and  inshore marine systems. 
21. 
recent 
Quality  of 
events  the 
the  Marine  Environment.  As  examplified  by 
main  issue  is  the  eutrophication  and 
contamination  of  the  rather  closed  regional  seas  surrounding  the 
European  continent.  the  North  Sea,  the  Baltic  and  the 
Mediterranean.  An  understanding is needed of the sources,  fates  and 
stresses of  contaminants from rivers and  other sources,  of nutrient 
dynamics  and  of algal blooms. 
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22.  Conservation of Species and  Habitats.  European  ecosystems 
support  a  wide  range  of  habitats  and  associated  species,  albeit 
often man-made  in the past.  Few  are  truly natural but  they are  the 
remnants  of semi-natural ecosystems - the refuges and  staging posts 
of  endangered  flora  and  fauna,  and  the  last  islands  of  natural 
genetic  diversity.  Research  must  aim  to  define  the critical  loads 
which  such  systems, can  support,  and  to.  develop  methods  for  their 
sustained management  and  restoration. 
23.  Basic  Research  on  Processes  and  Ecosystems.  Progress  on 
.  . 
applied  issues  is  frequently  dependent  upon  advances  in  basic 
knowledge.  For  example,  understanding  the· processes  involved  in 
forest decline requires us to work on  the basic physiology of  trees 
to  determine  bow  they  react  to  various  stresses.  Findings  at  the 
sub-cellular, cellular and  whole organism level must be interpreted 
in terms of  impacts upon populations and.  ecosystems.  This,  in turn, 
requires  us  to understand  the behaviour• and  population dynamics  of 
species, predator:prey relations,  and  the structure and  functioning 
of  ecosystems.  Thus,  forest  ecosystem  research  is  important 
underpinning  to  applied  research  on  forest  decline,  acidification, 
and  the impacts of climate change. 
24.  Cultural  Heritage.  Europe's  cultural  heritage  is  our 
legacy  from the past.  and  our  testament  ~o the future.  The  academic 
and  social  values  of  this  heritage  are  enormous,  and  they  often 
play  a  crucial role  in the  economies  of  member  countries.  We  must, 
therefore,  provide the scientific basis of protecting a  vast  range 
of  irreplaceable  objects  made  with different materials and  exposed 
to a  wide range of climatic and  environm~ntal stresses. 
25..  Major  technological  hazards.  To  a  large  extent,  man 
interacts  with  his  environment.  Natural  hazards  such  as  erosion, 
landslides  and  seismic  shocks  are  often  exacerbated  by  man's 
activities.  However,  one has only to mention Seveso,  Chernobyl, 
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Frenchman's  Flat.  Flixborough  or  Bhopal,  to  realise  that  major 
technological  installations  imply  potential  major  hazards. 
Statistically, most  dangers  to the public and  the environment arise 
from  the  manufacture,  storage  and  transport  of  bulk  flammable 
and/or  toxic  chemicals.  Therefore,  the  phenology  and  early 
dispersion  of  chemical  releases,  combustion,  and  risk  analysis 
taking into account  the human  factor require further research. 
26.  Biotechnology  and  the  "Sunrise"  Industries.  Traditional 
I 
heavy  industries  continue  to  loose  importance.  The  effects  of  new 
technologies  upon  the  environment  are  by  and  large.  beneficial. 
New  technologies  of  production  are  bringing  enormous  economic 
benefits.  However,  they  raise  important  questions  for  the 
environment.  Biotechnology  has  attracted  the  greatest  public 
concern  in  this  context.  The  consequences  of  deliberately  or 
accidentally  releasing  engineered  organisms  or  even  genetic 
material  are  scarcely  understood.  The  need  for  adequate  safeguards 
based  on  science,  is  paramount.  Other  new  technologies  also  pose 
threats  by  their  use  of  complex  chemicals  of  uncertain. 
environmental  impact  and  the  production  of  toxic  and  complex 
effluents, albeit in small qualities. 
C.  ACTIONS  IN  EUROPE 
27.  The  Community  and  its  member  countries  rightly  target 
their  resources  upon  the  environmental  issues  which  concern  their 
citizens  and  impact  upon  their  environments,  societies  and 
economies.  ·These  issues  may  be · of  local  concern  or  regional  or 
global  in  scale.  But  even  with  local  concern  there  is  much 
commonality  in  their  natures,  and  in  the  methodo~ogies  and 
technologies  for  their'. investigation  and  amelioration.  Europe  is 
thus  not  an  iSland  but  it  is  an  integral  part  of  the  global 
community  in terms  of environmental problems,  their study and  their 
resolution.  Appropriate co-operation between the Community  and 
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non-member  European  states  (eg  EFTA).  Ec'onomic  Summit  countries, 
developing  countries  and  the  full  ran.ge  of  Governmental  and 
non-Governmental  International  organisations,  is  thus  both 
inevitable  and  essential.  A  similar  co-operation  can  be  envisaged 
in the future with East  European countries  .• 
28.  ColllllUnity  research  has  to  take,  of  course,  fully  into 
account what is done  by  industry,  nations~ research programmes,  and 
within  other  transnational  frameworks,  in  order  to  ensure  optimum 
benefits from its resources. 
29.  · Industry  was·  until  recently  rather  defensive  in 
environmental matters,  but makes  now,  under  the pressure of tougher 
legislation and  public  opinion,  considerable efforts,  also in R&D. 
Industrial  research  is  closely  linked.  to  the  advancement  in 
production  processes;  the  economic  pressure  to  reduce  energy  and 
raw  material  consumption  and  to  avoid  unnecessary  wastes  leads  to 
new  production  processes  which  normally  imply  benefits  for  the 
environment.  Environment-related  R&D  in  tndustry  can  therefore  not 
be considered on its own  right;  substantial resources,  however,  are 
allocated to the  improvement  of  down-stream abatement processes. 
30.  All  Member  Statea  have  more  or  less  substantial  R&D  , 
programmes  on  the  environment,  which  in  ~art are,  of  course,  aimed 
at  problems  of  regional  character  and  to·  monitoring  environmental 
quality.  There  are,  ·however,  important  components  of  national 
programmes  of  a  very  basic  nature  which  should  be  progressively 
integrated  into  a  European  context.  Flexible  means  ("concerted 
actions")  have been developed  in the past, for this purpose and  they 
turned out to ~e efficient. 
31.  Except  for  some  EUREKA  projects  and  a  few  cooperative 
projects  implemented  in  particular  by  ESF.  no  major  cooperative 
mechanisllls  of  European  scale  exist.  All  COST  projects  in  the 
environmental  field  are  implemented  through  and  under  full 
integration of  the relevant  sections of  the Community  programme. 
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32.  Environment  research  has  been  part  of  the  Community  research 
programmes  since  1972.  within·  the  JRC  programme  and  through 
contract research and  coordination within the  COST  framework. 
33.  In  the  context  of  the  framework  programme.  a  major  review  of 
the  aims  and  the  means  of  implementation  took  place.  leading  to  a 
review  of  the  JRC  activities  as  well  as  to  a  proposal  for  two 
programmes  through contract research: 
- STEP  (Science and  Technology  for Environmental Protection) 
- EPOCH  (European Programme  on Climatology and  Natural Hazards) 
submitted  to  the  Council  in November  1988.  These  are  complemented 
by  a  new  programme  on Marine  Science and  Technology  (MAST). 
34.  The  new  C0111111Unity  programmes  STEP •  EPOCH  and  MAST  treat most 
of  the  important  environmental  issues  mentioned  above,  to  be 
pursued with vigor.  While it is important  generally to develop  the 
means  for  flexible  and  responsive  actions  to  emerging  issues.  the 
following  research  requirements  were  given  particular  emphasis  in 
these programmes. 
35.  Global  Environmental  Research  (GER).  The  coincidental 
developments mentioned earlier which are resulting in rethinking of 
our  approaches. to  global  environmental  issues  get  due  attention. 
The  NSF  Earth  Systems  Science Report  is breathtaking in scope.  The 
Community's  study  of  remote  sensing  R&D  pointed  in  the  same 
direction.  STEP,  EPOCH,  MAST  and  the  JRC  Programme  contain 
· important  elements  of  GER  which  must  be welded  into  a  co-ordinated 
and  multidisciplinary  European  efforts,  an  effort  that  encompass 
elements  of  other ·Community  programmes  in  agriculture,  aid  and 
industry.  But  certain  elements  have  immediate  priority.  Europe 
should play a  major role in the IGBP. - 12  -
(i)  Climate and  climate change  and  its consequences are now  seen 
as  probably  the  biggest  challenge  to  mankind  over  the  next 
few  decades.  The  European  inputs  to  international  research 
on  Global  Climate  Models  and  the  development  of  scenarios 
appropriate  to  Europe  and  its  regions  •  and  to  developing 
countries;  and  on  priority  probleu  such  as  sea-level  rise 
will  undoubtedly  throw  up  specific  issues  requiring 
Community  research  action.  Additional  European  inputs  will 
be  necessary  to  investigate  climate  change  implications  for 
European  and  world  trading,  and  for  aid  to  developing 
countries. 
(ii)  Stratospheric  ozone  depletion  and  its  consequences.  The 
European  move  to  co-ordinate  EC/EFTA  research  should  be 
treated by  a  special task force. 
(iii)  Wider  implicationa.  The  rapid evolution of  GER  is going to 
require  co-ordinated  European  initiatives in remote  sensing 
(with  ESA  and  others)  of  earth  resources.  processes  and 
phe~omena.  It  will  require  significant  inputs  from 
biologists  working  on  biogeochemical  processes  such  as  the 
carbon cycle,  at global level.  The  task is massive but must 
not  be  shirked.  We  must  also  consider  responsive  policies 
and  actions  to  climate  change  in teru of  energy  production 
options,  improved  sea  and  flood  fences,  groundwater 
protection (eg against saline intrusion),  etc. 
36.  These  developments  at  global  level  impinge  upon  many  other 
European  programmes.  Current  work  on  clean  technologies.  for 
example,  could  assist  in  deciding  future  energy  options.  The 
proposed  Community  Initiative  in  Biology  has  a  critical  role  to 
play in respect of biogeochemical processes. 
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37.  Regional  and  local  environuu:ntal  issues.  These  issues  which 
<  " 
concern  the regional or local  environment  and  human  health are  not 
less  important  than  research  dealing  with  the  global  environment. 
The  following  issues  are  of  growing  concern  and  require  more 
Community  action  •. 
(i)  Human  health.  Development  of  highly  sensitive  and  rapid 
methods  for  identifying  and  estimating  internal  dose  and 
early  reversible  effects  of  exposure  to  a  range  of 
environmental  stressors  in  groups  at  risk; 
epidemiological  surveillance  through 
interconnection  of  health  statistics  with 
data. 
progress  in 
suitable 
environmental 
(ii)  Air  Pollution  and  its  effects.  Research  on  such  issues  as 
forest decline,  early specific indicators for forest decline, 
tree  physiology,  air/land  use/water  quality  interactions, 
and  improvements  in  the  means  to  conserve  European 
monuments. 
(iii)  Soils and  Groundwaters.  Public and  political concern about 
the state of our soils and  groundwater is growing  throughout 
Europe.  Priority must be given  to the study of problems of 
contamination  and,  in Mediterranean  countries,  to  those  of 
erosion  and  desertification.  More  emphasis  should  be  given 
to  the  off  site  consequences  of  contamination  and  erosion 
for the quality of surface and  groundwaters. 
(iv)  Marine research.  Ways  must  be  found  of further co-ordinating 
European  actions  and  facilities  in  this  field  in  flexible 
but  cost  effective  prograJIIDles,  in  co-operation  with 
competent  international bodies. 
The  Community  has  important  roles  to  play  in  co-ordinating 
research  which  contributes  to  the  North  Sea  Task  Force  and 
to similar activities in the Mediterranean. 
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Ecosxstems  Research.  The  need  for  baseline  ecological 
monitoring  and  research  was  stressed  earlier.  The  need  to 
understand  the  structure  and  functioning  of  terrestrial, 
aquatic  and  marine  ecosystems  and  their  constituent 
organisms  is  assuming  increasing  importance  in  so  many 
contexts  - agriculture  and  environment,  marine  pollution  -
to  name  a  few.  There  is  a  particular  need  to  study  and 
understand relict and  threatened  European ecosystems  such as 
wetlands,  montaine  systems,·  clean  deep  lakes,  coastal 
_saltmarahes  and  lagoons and  upland bogs. 
INFRASTRUCTURE  AND  FACILITY  REQUIREMENTS 
38.  The  above  environmental  issues  raise  the  basic  question  of 
whether  or  not  Europe  has  the  infra.,tructure  and  facilities  to 
achieve its ambitions in research at regional and  global levels.  In 
many  cases  we  have  facilities  at  national  level  (eg  research 
vessels)  but  they  are  deployed  on  a  range  of  issues  from  local  to 
global,  and  may  be restricted in capacity or funding,  or by  age  and 
' 
design.  A  fundamental  part  of  our  research  programmes  must  be  to 
review infrastructure and facilities to improve their co-ordination 
and  cost  effective  deployment,  and  to  plan  for  future  needs  in 
support  of  likely research priorities.  The  following  are  important 
items for consideration and  assessment:in  Europe~ 
(i)  Research  Vehicles.  In  the  longer  term,  the  design  and 
'  compatibility and  the development of research vessels must  be 
· planned. at  European  level.  The  case  for  a  European  ocean 
drilling vessel  to  operate  in support  of,  or  in  succession 
to  the  US  ODP  ship,  is  already  being  examined.  Work  on 
manned  and  autonomous  submersibles  for  use  in research must 
be  prosecuted.  Also,  aircraft  for  stratospheric  research; 
Europe  must develop a  co-operative facility.  Industry has  an 
important role to play in these areas. 
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(ii)  Data  Networks  and  Bases.  Global  research will  require  much 
more  European  effort  devoted  to  developing  scientific  data 
and  information  services  (eg  seismic  hazards,  pollution 
data,  ecological  reference  monitoring) •  European  policies 
for  these  need  to  be  developed,  along  with  policies  for 
research. computing,  not  least for  supercomputers  capable of 
storing  and  analysing  massive  quantities  of  data,  and 
modelling  environmental  processes  on  a  global  scale.  The 
experiences  of  the  oceanographers,  meteorologists  and 
climatologists in Europe, will be vital here  • 
.  E.  SUMMARY 
39.  The  main  issues  for  future  environment  and  related research 
were  reviewed,  and,  at the hand  of  a  few  examples,  the position and 
role  of  the  Community  and  of  Europe  in  a  larger  sense  in  this 
context  was  indicated.  The  importance  and  priorities  of  Community 
research  programmes  are  confirmed  in  terms  of  detecting  and 
cOmbatting  current  and· future  environmental  problems.  Also· their 
contributions  to  the well-being  of  society,  to  employment· and  the 
economy,  and  to  European  trade  are  becoming  increasingly  evident 
while  new  areas  of  research  offer  real  ·prospects  of  Europe 
contributing  in major  ways  to  global  sustainable  development,  and 
assistance to developing  countries. 
40.  A wide  range of  environmental  issues  requiring  research  was 
identified.  But  there  are  certain  issues  which  require  special 
attention. 
(i)  Co-ordinated  European  contributions  to  global  environmental 
research  .including  stratospheric  ozone  depletion,  climate 
and  climate  change,  desertification,  and  resource 
management. 
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(ii)  Basic  ecological  monitoring  and  research  on  ecosystems  end 
environmental  processes  - essential  underpinning  to  a  wide 
range of applied problems. 
(iii)  Co-ordinated European research on the marine  environment  and 
its problems, ·especially in our  regional  seas but  linked  to 
global programmes. 
(iv)  Supporting socio-economic  research  on  environmental problems 
and  options for their solution. 
(v)  Development  in  co-operation  with  industry .  of  new 
technologies for research and  environmental improvement. 
41.  Important  infrastructure  issues  wltich  must  be  tackled  and 
solved  to  provide  essential support  to  European  research were  also 
identified. 
(vi)  Development  of  appropriate  and  flexible  co-ordination 
procedures especially at EC/EFTA  level. 
(vii)  Development  of rigorous research assessment,  planning, 
implementation,  and  evaluation  procedures  including  those 
for  efficient  conversion  of  results  into  policy  and 
practical actions. 
(viii)  Assessment;  planning and  provisfi)n, of essential research 
facilities  and  services  such  as  research vessels,  aircraft, 
computers,  data  bases,  information  networks,  and  advisory 
and  information services. 
(ix)  Special investment in remote sensing and  geograph~cal 
information systems  to  support global environmental research 
and  to exploit its results. 
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(x)  Improved  co-ordination vith,  and  positive European  inputs  to 
international  governmental  and  non-governmental  bodies, 
working  in the above  fields. 
42.  These  actions  must  be  supported  by  adequate  resources, 
especially skilled manpower,  efficient communications  and  equipment 
in  the  relevant  ~rganisations  of  the  Commission,  Europe  and  its 
Member  Countries. 
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HFJ\LTH  RESEARCH 
1.  INTROD'UCI'IOO 
In Spite of the enormous  progress made·  in fundamental biology,  several 
groups of diseases threaten human  health;  in the less-developed countries 
malnutrition and parasitic diseases  (e·:g.  malaria,  schistoscmiasis, 
filariasis,  trypanoscmiasis  and leishmaniasis)  dominate the scene,  while 
the newly developed viral disease AIDS  spreads with appalling rapidity.  A 
real problem here is the need to support expensive  R&D  action for a  market 
which,  though driven by pressing needs,  is dramatically deficient in 
financial resources.  Various  agencies,  ~  both public  (e.g.  \~r  ld Health 
Organization)  and private,  are active in this field,  yet,  in spite of sore 
recent advances  in the treatnent of parasitic diseases,  those needs are 
far fran being satisfied. 
In the industrialized world bacterial diseases are largely controlled 
through antibiotics and hygiene,  and many viral diseases are greatly 
reduced or indeed eliminated (e.g.  smallpox)  through effective vaccination 
campaigns.  However,  many  health problems still require fundamental  and 
applied research,  namely sane viral diseases  (e.g.  AIDS,  and diseases 
caused by slow viruses) ,  degenerative and imnune diseases,  genetic 
diseases  I  traumatology and poisoning  1  aS  \'Well  as problems  Of  procreation 
and ageing.  In these parts of the world,  the cost of health is high and 
still increasing,  (more  than 200,000 million ECU  yearly in the EC).  In 
Western European countries the health market has  a  very special feature, 
namely that the funds  used to satisfy it are largely public  (about  80%  of 
the  EX:  health expenditure)  as canpared with only 40%  in the USA.  At  the 
same  tirre,  however,  public investrrent in medical and phannaceutical 
research in the  EC  is only about half that of the USA.  The  European health 
industry is generally competitive;  however,  the relatively modest  support 
which fundamental health sciences receive from European governments 
induces  same  large European firms to transfer their research laboratories 
to the USA.  A key issue for the future' is the interaction of health 
policies with the large high-technology market of health industries, 
exploiting,  whenever possible,  the economy of scale provided by the large 
internal market.  In human  health,  "half-way" solutions  (e.g.  the treatrrent 
of tuberculosis around the turn of this century - by lengthy isolation in 
sanatoria - or of poliomyelitis in the  1930s)  are often expensive while 
"all the way"  solutions  (e.g.  antibiotics in the treatrrent of tuberculosis 
or vaecines against poliomyelities)  are often cheaper in the longer term. 
Research has  an irreplaceable role in the pursuit of "all the way" 
Solutions,  and EUrope  should develop  a  proper strategy  for their 
continued achievement on an appropriate scale. 
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2.  t-IAIN  ISSUES  FOR  R  & D 
Health has been defined by the World Health Organization as  11A  state of 
CCllq)lete physical,  rcental  and social well-being and not rrerely the absence 
of disease or infirmity" (1).  That reflects a  very positive and wide-
ranging outlook an this subject - wnich is by definition one that vitally 
affects every single citizen, 'Whether  living in Europe,  u.s.A.,  Japan or 
the rest of the  ~rld.  This universality of the irrportance of the subject 
is progressively being recognized by countries at governrcental as well as 
at individual level,  and there is a  general tendency for richer nations to 
spend a  higher proportion of their gross darestic product  (GDP)  on health. 
In september 1988  the Office of Health Economics  in London  published a 
'Briefing'  on  "Health Services in Europe:  198811 ,  and this provides a  ITOSt 
valuable and up-to-date c:at'Hl'elltary  on  the increasingly irrportant and 
increasingly costly question of the provision of health care in Member 
States. 
Table  1  reveals the levels of public and private health expenditure as 
a  percentage of GDP,  ( 1984) : 
Total  Private  Public 
SWeden  9.4  0.8  8.6 
France  9.1  2.6  6.5 
Netherlands  8.6  1.8  6.8 
West  Gennany  8.1  1.7  6.4 
Ireland  8.0  1.1  6.9 
5\ori.tzerland  7.8 
Italy  7.2  1.1  6.1 
Denmark  6.3  1.0  5.3 
Belgium  6.2  0.5  5.7 
Great Britain  5.9  0.6  5.~ 
Spain  5.8  1.5  4.3 
Source:  OEX!)  (1987)  'Financing and Delivering Health Care',  Paris 
The  author,  George Teeling Smith,  caments: 
"The table shows  both the public expenditure on health and. total 
expenditure as  a  percentage of· each country's gross domestic  product 
(GDP).  The  figures are largely what 'WOUld  be expected fran the 
,  description of the various countries  1  health scherres.  France,  for 
exarrple, .  shows  the substantial margin between public finance  and total 
expenditure which is largely covered by private  'top-up'  insurance. 
SWeden,  on  the other hand,  which is another high spender,  covers 
1  Constitution of the World Health Organization:  Basic Documents, 
15th edition,  1961.  · 
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alnost all its costs fran public funds.  The  am::>Wlt  covered by private 
expenditure in SWeden  represents 0.8 per cent of GDP,  as against 2.6 
per cent in France.  Britain, al5o,  covers alnost all of its health 
expenditures fran public funds:  private expenditure accoWlts for only 
0.6 per cent of GDP.  By contrast,  again,  the Netherlands  leaves 1.8 
per cent of GDP  to be covered by private expenditure,  reflecting the 
large proportion of the population covered by private insurance.  In 
West Germany private expenditure amoWlts  to 1.7 per cent,  suggesting a 
relatively high expenditure for the 9  per cent of population privately 
insured.  In general,  the continental  schemes  allow greater freedom 
for the public to spend directly on health care in addition to public 
expenditure.  · 
OVerall,  Spain and Great Britain are the lowest spenders,  and France 
and SWeden  the highest.  As  has often been pointed out in the past, 
there is a  general tendency for richer nations to spend a  higher 
proportion of GDP  on health" • 
His conclusions are extremely pertinent to any consideration of health 
services provision in the next decade and beyond: 
"It is clear fran these brief descriptions of the national health 
schemes in different European countries that there is a  considerable 
variation in their approaches to the problem.  Methods of funding 
vary:  the ownership and organisatioo of the facilities varies;  the way 
doctors  and others are employed and paid differs;  and the extent to 
which individuals must pay part of the costs themselves also 
varies. • . •  There is  ,  however,  one  cc:.mt¥::>n  similarity.  No  COWl try 
believes that it has an entirely satisfactory solutian.to the question 
of how  best to cover the health f,!eeds  of its population at an 
acceptable price  •••• 
~bre fundamentally,  in 1992  the European market is intended to be 
unif.l.ed,  and it might be expected that sate degree of uniformity in 
the provision of health care should follow....  It is clear that it 
will be extremely difficult to introduce any integrated system of 
health insurance or European health service for the European Carmunity 
as a  whole.  Even within individual countries there are variations, 
without any clear indication of which variant is superior.  The 
priority must be for cautious experiment,  and rigorous evaluation, 
rather than radical change. 
Above  all, what is lacking in such an evaluation is any neasure of the 
outCones of different systems of health care.  The  uniqUe contribution 
of the European Corrmission after 1992 could be to organise and sponsor 
the evaluative studies which have so far largely been  absent. 
Any  nore drastic form of EUropean Catmunity interference,  in the 
present state of ignorance,  would be unwise.  Health econanists have 
in recent years been  developing the tools with which to make  the 
necessary evaluations.  So far they have been  used only on  a  limited 
scale.  However,  there is·  no reason why,  with appropriate resources, 
larger international studies should not now  be undertaken. 
One  concept under discussion at present is to limit the free 
provision of health care to the relatively less affluent and to 
those suffering fran sate form of nedical catastrophe -whether 
it is a  costly acute medical crisis or a  long-term chronic 
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disease.  The  nearest approach to this policy in Europe  so far 
appears to be the Dutch llOOel.  A study sane years ago 
suggested that the health status of the Netherlands was 
carparable to that in Britain and France. (2)  These latter 
countries had widely differing types of cover,  but both 
provided cooprehensive health care for the whole population 
through their national schem2s.  But according t.O  the 
infonnation received fran the Netherlands during the 
preparatioo of this  'Briefing', the Dutch cb not consider their 
present position satisfactory.  'Itley are considering rrore 
extensive cover.  Clearly,  therefore,  other countries - and 
Europe as a  whole - need to be  cautious in pursuing the concept 
of limited cover only for the less affluent and for the 
catastrophically sick. 
On  the other hand,  there is alm:>st universal concern at the  ns~ng 
cost of canprehensi  ve free health care.  Perhaps sate balance needs to 
be struck.  But ooce again the keynote must be  evaluation.  'Ihe brief 
reports fran the various countries collected for this study still 
suggest general public satisfaction with their health care,  even 
though the providers and the organisers realise its shortcanings  •••• 
If changes are to be  made,  and in particular if a  greater degree of 
uniformity across Europe is to be achieved,  the changes must  increase 
an already relatively high level of public satisfaction rather than·· 
reduce it.  'lhi.s,  above all, must be the rressage for the Eurocrats as 
1992  approaches ...... 
As  \'~~ell  as these econanic and organizational factors  another major 
aspect must increasingly be taken into account - the ageing of the 
population, often called the "Greying of Europe".  ~s  key issue has 
been explored in an OCcasional Paper written in March  1988 by Mr.  M. 
Freisinger for the European Commission's own  Division of  11Forecasting 
and Assessrrent in the field of Science and Technology".  Under the 
title of "The OVer-Fifties", Mr.  Freisinger has  sumnarized the · 
positiOn as follows:  · 
"The interest in 1;he  deoographic processes today results rrostl  y  fran 
the apprehension that these changes could affeet the efficiency, 
stab~lity and equity  (3)  of societies which are ip an internationally 
competitive environment. 
1)  sCme  Selected ~hie·  Trends:  1 Explosion  1  ,  Ageing. Populations  1 
Stagnation and Dechne 
2 
3 
Maynard A and Ludbrook A  (1981)  'Thirty years of Fruitless 
Endeavour?  1  In:  Van  der Gaag  J  and Perlman l-I  (Editors)  1  Proceedings 
of the World Congress of Health Econanics1 North Holland. 
See  Chapter:  'Sane Theoretical Propositions and Concepts•  in Padoa-
Schioppa1  T.1 et al;  'Efficiency,  Stability and Equity- A Strategy 
for the Evolution of the Econanic  Systems of the European 
Carmunity' 1  Oxford,  19871 p.  17.  · 
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Until the year 2050,  it is estimated that the global population 
will double to 10 billion.  As  a  consequence of the changing 
fertility trends,  the future demographic  increase will be lower 
than at the tirre of the' so-called  I population explosion  1 
•  Given 
the assumption of an increasing average life expectation,  there 
will be a  further cause for the relative shift in the ageing 
population on a  global level. 
This ageing process is significant  • in industrialised countries. 
Canpared with the  USA  and Japan,  Europe has  an· exceptional 
position.  Until the year 2000,  the population of the European 
Communities,  the United States and Japan will still increase  (2000: 
EUR  12  - 330 million,  USA  - 268 million,  Japan - 120 million 
carrpared to 1984:  EUR  12  - 321 million,  USA  - 236  million,  Japan -
120 million)  but after the year 2000  the demographic  development of 
the total population will be marked by stagnation,  and in the case 
of Europe  (EUR  12)  by a  partial decrease. 
Between 1900  and 1950  the proportion of elderly  (rrore  than  65  years 
old)  in Europe had increased by about 50%.  In the period 1975  to 
2075 this proportion of the population will increase in the more 
developed countries by about 72%,  (fran 10.5% to 18.1%). 
In the age group of eighty years  and over the estimated rate of 
growth in the roore  developed countries is 153%,  (fran 1.  7%  to 
4.  3'%.) •  As  a  consequence of this trend,  the average life 
expectation in this period w:>Uld  increase fran 33.6 to 39.6 years. 
\'lithin the  Eur~an  Carmunit~r, the total population figures until 
the year 2000  w~ll decrease  m  Belgium and the Federal Republic of 
Gennany.  The  sane will apply after the year 2000  in Derunark, 
Luxembourg  and the Netherlands. 
Because of the net reproduction rates of the 1980s,  the population 
figures  in Greece,  Portugal and Spain will be roore  stable.  All 
countries in the European Catrnunity - including Ireland - now 
reveal decreasing reproduction rates between 1970  and 1980. 
The large number of births of the So-called  1 Baby  Boerner 
Generation  1  will represent in the first half of the twenty-first 
century the growing proportion of the elderly. 
The proportion of OVer-Fifties in Europe until the year 2000 will 
only increase fran 31'10  to 33'10.  This rreans  a  grCMth  in this age 
group of about 10.4 million people,  bringing it to a  total of 110. 
million.  In the Federal Republic of Gennany  1  Belgium and Derunark, 
the population share of the OVer-Fifties until the year 2020 will 
increase to 49%,  41%  and 42% respectively. 
With regard tO  the increase in the:Over-Fifties age group  from 
1985-2000 France,  the Nether  lands  1  the Federal Republic of Germany, 
Portugal and Spain will be above the average European growth rate 
(10.4%)  in the European carmunity.  Until the year 20iO I  this 
growth rate will be  48%  in the Netherlands,  and 31%  in France. 
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'llle  number of very oldyea%le  (nore than  70  years of age')  in the 
European Community will  rease at a  negligible rate until 1990 
(1985- 33.1 million to 1990- 32.7 million).  Around the year  2000 
this number will increase again to 37.4 million. 
The  nurrber of wc:.men  in the elder  1  y  age group will increase 
considerably ~ed  to the nlllri:Jer  of man.  This  unsymretrical 
distribution of both sexes will be very  Significant~ especially in 
North Arrerica,  Europe  and the Soviet Union •. 
Fran a  regional point of view the daoographic  ageing process in the 
European Ccmnunity is presented very differently.  In particular, 
· in industrial centres  and overcrowed regions it would seem  that the 
ageing process of the regional populations will be above 
average" •••• 
"In the field of health,  the daoographical changes create a 
quantitative increase of age-typical illnesses.  At the sane time, 
the estimated number of persons in family net\otCrks  which would be 
able to -give care to .  the elder  1  y  will decrease.  ~lith regard to the 
experience that nowadays  only 5  - 10% of the older people requiring 
care live in special institutions and the assumption that the 
number of single households  ~ especially within the older 
population - will undergo a  large increase,  the question is posed: 
what are the possible and probable other forms  of organisations and 
conditions for organising the everyday life and care of older and 
very old persons?  Many  elemmts in this sphere will depend on 
changing life-styles and mental attitudes. 
The  growing demand  on  services for the elderly leads in the health 
sector to the necessity for a  reorganisation in part  (education, 
internal care,  structure in hospitals)  and beyonq it to an 
increasing relevance in medical,  nedico-technological and 
phannaceutical perfonnance in prophylactics,  early perceptions and 
therapy of age-specific illnesses."  · 
Against the above background infonnatian it can be seen how 
crucially irrqx>rtant -health provision is; this underlines the need 
for a  continuing expansion of research into all aspects of the 
subject,  so that individuals can justifiably expect tO  benefit fran 
advances in knowledge denied to their forebears.  · New  techniques, 
in particular  those of nolecular biology,  have started to make 
passible a  greater degree of progress in health research than has 
ever been possible previously - these efforts must be strongly 
encouraged and steadily enlarged. 
3.  !NI'ERNATIONAL  COI..LABORATIOO 
Perhaps uniquely,  and probably reflecting its universality of 
personal relevance and inportance,  health is a  research field where 
international cooperation is not only readily forthcoming but is 
actively sought an  a  steadily increasing scale.  The  tradition of 
widespread dissemination of research results by publication is a 
long-established one  in health matters and so,  fortunately;  health 
is not a  "ccmpetitive" subject vis-a-vis the u.s.A.  and Japan as is 
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the case in so many  other areas  such as  infonnation technology or 
telecommunications.  Many  research workers  do not consider their 
careers to be sufficiently rounded without having spent sane time 
in the u.s.A.,  so much  so that the acquisition of a  11BTA'i  is widely 
thought essential for professional advancement to top research 
posts -the acronym stands for  11Been to Jllnerica  11  •  This degree of 
international experience-gathering is one of the most benefical and 
self-evidently valuable aspects of modern career progression in 
health research,  and all t-1ember  States must continue to play their 
part in this. 
4.  WHAT  NEEDS  TO  BE  OONE  IN  EUROPE 
To. look ahead to the developnents needed in Eurc.pe,  both in the 
next few years and beyond,  necessitates a  careful and thoughtful 
look at the nature of health research itself and the goals which 
should be sought.  Dr  D.F.  Horrabin,  Director of the Efanol Research 
Institute in Kentville,  Nova  SCotia,  Canada  (4),  has expressed this 
point well:  · 
110ne of the sinplest and best definitions of science is John 
Ziman' s  ( 5)  term  • reliable knowledge • •  Medicine is a  science with a 
purpose,  the inprovement of patient care. When  reliable knowledge 
has ·been  used to irrprove patient care,  the record shows. that 
scientific nedicine has been a  resounding success.  But recently we 
have failed to keep firmly in view the true aim of medicine. 
Medicine has acquired the attitudes of pure science where things 
· are done with no clear practical end in terms of benefit to the 
patient. It is the damaging proliferation of technologies which 
have no proven value in terms  o~ cure,  care or canfort which has 
led to soaring costs without any patient perception of 
substantially greater clinical success.  Unless we  rigorously keep 
in mind the idea that the standards we  now  apply to new  drugs 
should be applied also to every form of innovation in medical care, 
we  face the spectre of arbitrary and unreasoning political and 
econaniC  interventiOn in the IrediCal care System.  II 
4 
Dr M.  King,  University of leeds,  United Kingdcm  (6)  has enlarged on 
this ooncept,  stressing the patient's point of view and rightly 
drawing attention to 'the international aspects of the subject: 
11Make  the CXXIIIIJili.ty master 
'!he best interests of the individual sick. patient in bed have  always 
been the ultimate objective of the best medical care.  The  ultimate 
authority,  economy,  and convenience of patients collectively,  rather 
Oxford Textbook of Medicine,  Oxford University Press,  Oxford;  1987, 
p.  2.3. 
5  Ziman,  J.  'Reliable Knowledge'.  cambridge University Press, 
Carrbriclje. 
6  Oxford Textbook of Medicine.  ~. 3 .1. 
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than that of ourselves,  their physicians,  have been given less 
attention.  Hence  the increasing dissatisfaction of many  ccmnunities, 
both rich and poor,  with the services they get,  and the importance 
of making these services acutely sensitive to communal  need. 
Ccmnunities must,  wherever possible,  be given a  bigger say,  and 
indeed the ultimate responsibility for the services they get. 
Listening for this still small voice,  obeying it, and encouraging it 
to speak up,  decide,  and take charge,  IIU.lSt  in future  bee~ an 
integral part of rredicine.  It is  also one of the major inspirations 
of the section which follows. 
Health for all by the year 2000 
ca'lprehensive primary health care  (PI£) 
What  can ~  do to prevent disease,  disability,  and Wltirrely death in 
t\o~:>-thirds of the world's people,  especially those locked into 
.absolute poverty? The  most hopeful solution is comprehensive primary 
health care,  and this was  defined at the international conference 
held by ~mo and UNICEF  at Alma Ata in Soviet Asia  in~l-978.  The 
Declaration of Alma  Ata which followed this rreeting has  as its abn: 
The  attainrrent by all people of the world by the year 2000,  of a 
level of health that will pennit them to lead a  socially and 
econanically productive life. Primary health care includes, at 
least, education concerning the prevailing health problems  and 
the rrethods of preventing and controlling them,  the prarotion of. 
an  adequate food· supply and proper nutrition together with a 
sufficient supply of safe water and basic sanitation. It also 
includes maternal and child health,  family planning,  and 
immWlization against the major infectious diseases,  as well as 
the prevention and control of locally endemic diseases,. the 
appropriate treatrrent of the catnPn diseases and injuries,  and 
the provision of essential drugs.  11 
A worthwile research organization in health - such as will help to 
achieve  the above  aims - demands  nowadays  an  increasingly wide range 
of skills, and this need in Europe  is certainly in line with the 
needs as seen fran outside this continent.  Professor P.  \'Vasi  fran . 
Mahidol University,  Bangkok,  Thailand  (7)  has made  a  particularly 
relevant comment  concerning this breadth of need and closeness of 
cooperation: 
"Vast areas of research are needed to support PHC · including health 
policies research,  infonnation research and developnent,  health 
services and health manpower  research,  health econcmy  research, 
managerrent  and evaluation research and technical research needed to 
support health services. While biaredical research may  concern 
individual scientists or research units,  health services research is 
an integrated approach which may  involve on the cine  hand the policy 
makers  and prograrme administrators and on the other the people and 
the ccmnunity.  '!his new  type of research needs  a  new  rrechanism for 
research pranotion and management.  ~dical Research Councils,  while 
good for biaredical research prarotion and management,  may  not be 
7  Oxford Textbook of ~dicine, p.  3.  7. - 9  -
equipped to deal with health services research.  A co-ordinating 
mechanism involving the Ministry of Public Health,  the Universities, 
and the Medical Research Couricils is desirable. " 
It is precisely that balance bet~n "Goverrurental"  health 
activities and those of "Medical Research Councils" which is so well 
struck and maintained in the comnitt:ee structure for the 
Catrnission  1 s  own  Medical  and Health Research prograrme  (vide infra), 
and which is so necessary if .research discoveries are to be 
inplercented at an early date by policy-makers on the Goverrurental 
side - it is a  very efficient mechanism supported by all t-15. 
The  subjects which particularly neecl.  to be concentrated upon  in the 
caning years include AIDS  and Cancer,  as well as diseases which 
particularly affect an ageing population,  as will increasingly come 
to be the case in Europe.  There  has been  an excellent recent survey 
of the scene by Sir Walter Bodmer  in his Presidential Address  to the 
British Association for the Advancement of Science in September 
1988,  and scree  short extracts indicate the way  ahead: 
"'!he  new  biological revolution is having its inq:>act  in rrost areas of 
biological and nedical research.  Had  AIDS  been discovered as  a 
disease even just 15  years earlier, it would not then have been 
possible to identify the causative agent as a  virus,  through that to 
devise tests to identify those that have been  exposed to the virus, 
and then begin to design effective strategies for the developnent of 
vaccines against the virus and for treating the disease.  All of 
these possibilities are taking place within an incredibly short 
tine,  following the initial description of AIDS  only a  few years 
ago.  AIDS  may  now,  and for  scree  years in the future,  be a  serious 
epidemic but were it not for the genetic revolution,  the disease 
could have been a  total catastrcphe. 
Cancer is not a  single disease but a  wide variety of diseases which 
can affect any organ or tissue of the body.  Nearly one third of the 
population will at sane tine be affected by cancer,  and about one 
fifth will die fran it. '!hough many· advances  have been made  in 
cancer treatment,  and simply stopping cigarette smoking could 
prevent 30  '%.of all the cancers,  effective prevention and treatment 
especially of the relatively common  cancers  such as those affecting 
the bowel,  the breast,  the stanach and the lungs,  is still a 
challenge for future research.  In these cancers ool  y  treatment at 
early stages is usually truly effective. A better understanding of 
cancer at a  fundarcental  level is undoubtedly the best and, 
ultimately,  the only effective way  to advance substantially its 
prevention and treatment.  'lhi.s,  again,  is where the new  biology is 
leading to major advances. 
The  techniques of genetic engineering and working with cells that 
can be manipulated in the laboratory are beginning to reveal those 
errors which are critical for the development of cancer.  Through 
this we  are beginning . to learn how  the fine processes which control 
the normal growth of cells are deranged in a  cancer and so,  how 
these changes may  either be detected sufficiently early for 
treatment to be effective or may  form the basis for more  specific 
and effective fonns  of treatment.  When,  at same  tine in the future, 
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cancer is a  disease which can be prevented and treated as 
effectively as tuberculosis  and most other infectious diseases can 
now,  the credit for this will largely be  due  to the new  revolution 
in biology.  A similar story could be told for the study of heart 
disease, or of rental disease which is accanpanied by the great 
challenge of understanding the detailed functioning of the human 
brain~  · 
Advances  in physics and in chemistry have been as essential for the 
study of biology as they have,  for example,  for the develcprrent of 
canputers.  X-rays  and radioactivity,  and the  insti'tl!tents which use 
and neasure  them~  have been  particularly inportant in bianedical 
research. 
X-rays are not only used to diagnose and treat cancer and other 
diseases,  but also to probe the structure of carp  lex molecules. 
Structure largely determines function,  and so it is only through 
establishing the three-dinensional structure or shape of proteins 
that we  can hope,  eventually,  to understand the way  they w::>rk.  Then 
the protein engineer can design rrodifications,  or chemicals to 
enhance or block a  protein  1 s  function,  and so provide new 
1 designer  1 drugs for effective disease treatnent.  The  higher the 
power of .the X-ray source,  the larger and more  cc:nplex the 
·structures that can be solved.  In these areas the biologists and 
physicists now  w::>rk  hand in hand,  helped by the power of m:XIern 
canputers.  . 
Radioactivity is used at each: step in the analysis of the genetic 
language.  Thus  radioactive tracers,  and the films  and inst.ruments 
which measure  radioactive decay,  are essential tools for the genetic 
engineer.  · 
X-rays,  because they can penetrate bodily tissues,  have been the 
classical basis for  imaging the body from the outside in order to 
diagnose abnormalities indicative of disease.  1 CAT 1 scanners,  which 
· are dependent  on the application of sophisticated carputer analysis, 
have enormously refined the X-ray picture. Recently,  even more 
remarkable  advances  in imaging have. cane fran new  physical 
techniques,  based on 
1 nuclear magnetic resonance  1  or MRI,  for 
magnetic resonance  imaging as it is now  called.  Using MRI,  pictures 
of the brain appear to CCite  to life and,  may  for exarcplf3,  reveal the 
smallest ttUOOurs.  Radioactive tracers,  which when  injected into a 
patient can hare in on  a  particular organ or tl.JitOur  and then be 
viewed from the outside like X-rays,  provide another new  approach to 
the diagnosis of diseases.  Using yet another new  type of scanner,  a 
small amount  of radioactive fluid injected into the blood stream can 
yield pictures of the blood flO'W  in the brain,  which can identify 
regions involved in the control of speech and reasoning. 
'!here seems  to be  no limit to the ingenuity of the physicists and 
the electronic engineers in providing new approaches and inst.ruments 
for the measurement  and detection of biological functions  in living 
organisms.  The  pcMer of canputers is as  irrp:>rtant . for the control of 
these insti'tl!tents and the analysis of the data they produce,  as it 
is for the banker,  the airline carrpany,  the aeroplane or the 
physicist with his huge machines for studying the fundamental 
properties of matter. 
Science,  including technology and engineering~  nO'W  pervades 
virtually all aspects of our daily lives and is the essential basis 
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for our future health and prosperity~ OUr  industry depends  on it, 
and therefore so does  the whole basis of our econany.  'lbere is 
hardly any public policy issue that does not in sare way,  involve 
scientific questions.  '1be  advances  I •  have described in the 
biological and physical sciences,  and their prospects,  show that the 
scientific revolution now  has a  greater potential than ever before 
. for imreasurable :irrprovenent of our wealth and welfare.  The 
challenge is to achieve this potential. 
The  Nobel Prize in Econanics for 1987  was  awarded to Solow for his 
deroonstration that technology is the :main detenninant of econanic 
growth.  Since today•s basic science is largely the foundation for 
tarorow• s  technology,  Solow• s  conclusions clearly imply a  good 
economic return for  an  investment in scientific research. 
Technology in its broadest sense is the application of science or 
knowledge to practical ends,  rrost often in an industrial context. 
Though scientific understanding is n6t a  pre-requisite by  any means 
for the success of a  technology,  technological progress nowadays 
increasingly depends an scientific advances.  ~2jor new  technologies, 
such as genetic engineering,  often depend,  as  I  have described,  on 
the combination of a  series of scientific advances in technique and 
understanding,  brought together to create a  new technology.  Once 
that major step has been taken,  many  further gradual changes, 
improveaents  and additions to the technology,  in due course 
enorrrously improve its efficiency.  This  improverrent  is a  fonn of 
evolutionary process,  whereby pivotal changes are followed by 
gradual evolution,  and only the fittest,  ncurely those which are rrost 
productive econanically,  survive in the long run.  •• 
One  rrost topical developrrent,  and one which is certain to prove rrost 
productive econanically is that of Predictive Medicine: 
Predictive Medicine: lbDan Genaie Analysis 
The  OC  has recognized the great and still increasing inportance of 
genome  research,  and details of current and planned activities are 
given in Annex  4,  11Biology11 ,  notably those involving yeast and plant 
genorres.  Research involving the human  genome will take place under 
the heading of  11Predictive Medicine11 ;  as indicated above. 
It has  becorce  clear that having access to a  11human  gene dictionary11 
will prove as fundanental to biology' and medicine as a  working 
knowledge of anatany or chemistry.  But to date,  nobody even knows 
eXactly hcJr...l  many  genes we  have.  'llle best estimate leaves a  very wide 
margin:  fran SO , 000 to 100,  000  human  genes. 
I 
Each gene  is a  unique fragment of OOA  (deoxyribonucleic acid) ,  the 
long,  thread-like substance that contains the instructions for the 
survival and prqlagation of every living organism,  fran, a  blade of 
grass to ari  elephant.  In the nucleus of each h\nnan  cell, these genes 
are strung along the 23. pairs of chraoosanes.  Finding the location 
of  indivi~ genes  00 a  chraoosane and analyzing these genes  down 
to their chemical CCI'CpC>nents  (nucleotides)  is only  now  becaning 
possible oo  a  large scale,  thanks to. new  techniques derived fran 
recarbinant DNA  technology. - 12-
Knowing  the position of these genes  and then zeroing in on  them are · 
major steps towards finding new  methods  of preventing or treating 
the 4,000 inherited diseases recognized so far that are caused by 
single-gene defects. 
Beyond these rarer conditions,  gene mapping will give doctors a  new 
understanding of such widespread ills as hypertension  1  heart 
disease  1  Certain canCerS  and diabeteS  1  whiCh  are CaUSed  by the joint 
action of several genes. It will explain who  is particularly 
vulnerable to these disorders and how  to prevent their onset, or at 
least reduce their symptans.  · 
r-t:>st  significantly,  research on  these aberrant genes will enable 
scientists to analyze normal life processes with extraordinary 
precision. Gene  mapping  and analysis will be key tools of biology in 
the 21st century.  They will enable scientists to decipher hov1  human 
beings function at their nolecular level - how  the information  · 
stored in DNA  becomes  translated into the myriad messages  and 
complex feedback systems that  te~l the billions of cells in our 
bodies how  to keep  us alive and healthy. 
Since about one third of human  genes  are turned on in the brain,  for 
instance,  gene mapping will give researchers ~ful  new  ways  to 
investigate how  the brain functions.  And  as researchers identify the 
genes responsible for growth  and development,  they will find clues 
to the enduring mystery of how  a  fertilized egg evolves  into a 
unique,  mature human  being. 
Two kinds of gene maps  are now  being created.  One,  the genetic 
linkage map 1  shows  the distance bet\\leell various genes  and markers as 
calculated fran the frequency with which they are inherited 
together.  Genes  that lie close together on a  chrarosome generally 
stay together during meiosis - the formation of egg and sperm cells 
- when  some  segmants of the chrarosomes  recombine.  Geneticists have 
calculated that if a  gene  and a  marker an the same  chromosome  are 
separated only 1  percent of the tine,  the distance between  them is. 
approximately 1 million base-pairs of DNA.  (Base-pairs are the pairs 
of complementary nucleotides that form  the DNA  double helix). 
By contrast, physical maps  show the actual distances between 
landmarks on the chrarosares,  regardless of inheritance.  These 
distances are treasured in base-pairs of DNA,  and the ulti.m.;tte 
physical map  -would be the precise sequence of base-pairs in a  given 
stretch of DNA. 
So far,  only small portions of the human  gene dictionary are 
available.  But even these have,  for example,  unravelled the basis 
for the canronest form of muscular dystrophy,  and solved at a 
biochemical level the age-old riddle of the control of colour 
blindness, which is a  comparatively cOmmon  defect amongst  European 
rren. 
The  Predictive Medicine Programme will contain the following 
strands: 
302 - 13-
- improvement of the resolution  o~ the human  genetic map,  i.e. 
creation of a  map  of the human  genooe,  consisting of DNA  markers, 
which would enable researchers to locate genes easily and 
quickly; 
- the setting up of ordered clone libraries, i.e. of collections or 
ordered  sets of DNA  fragrrent.s which fully represent the DNA 
present in the entire genooe,  s~lected chrarosares or chraroscxnal 
fragrrents; 
- the inprovement of advanced genetic technologies  and,  through a 
training prograrrrte,  the spreading of these advanced technologies 
throughout the Member  States. 
In the course of the programne,  new genes will be localized,  cloned 
and sequenced - many  of these will be disease related.  In addition, 
substantial inprovements will be made  in the following  advanced 
genetic technologies:  ' 
- New reagents,  such as  restrict~on enzymas, 
- f.1ethodology  for cloning large DNA  fragroonts  and for the 
transfectioo of chrarosares, 
- Gene  vectors adapted to human  cells in vitro, 
- Methods  for the detection of a :particUlar gene in a  cell, 
- New carputer software for the storage, collation and analysis of 
DNA  sequence data. 
Medical  and Health ReseaJ:ch 
'!he Ccmnission itself has had a  research programne in the rredical 
and health field since 1978,  and its steady enlargement has been a 
very significant one.  The  current:Medical and ~alth Research 
Programne  (1987-1991}  is the fourth one,  {lo1HR4},  and the growth of 
the programne clearly reflects both the increasing knowledge of it 
in .Meirber  States and the increasing interest of research workers  in 
taking part in transnational collaboration through  "Concerted 
Actions  11  without the award of direct research support fran the OC: 
Programne  Duration  No  of Concerted  National teams 
Actions  participating 
First  1978-1981  3  100 
second  1980-1983  7  230 
Third  1982-1986  34  1,400 
Fourth  1987-1991  72  ,2,500  + 
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The  main  reasons for conducting MHR4  by rreans of the concerted 
action method arise fran the following  two facts:" 
•  nost national re5earch prograzrmas  in the field of rre~ine and 
health consist of a  large number  of relatively small projects, 
predominantly orientated to disease-related targets and carried 
out by many  scattered and relatively small research teams,  often 
~rking independently at universities,  hospitals,  etc.  · 
•  there is not yet a  carm::>n  health policy and,  therefore,  the 
existing national research policies/strategies differ widely as 
between the national organizations canpetent in medical and 
health research. 
· Accordingly there are also differences in the· structure of these 
organizations as well as variations in their ways  of ~rking, of 
categorizing research ~rk at national level,  and of defining 
priorities. 
The  principal characteristics of such a  coordination programme  are 
that the Member  States themselves: 
.  select the research·projects for coordination at Community  level 
and hence participate wholly or partly in the programme  according 
to their interests and available facilities; 
•  execute the actual R  & D work in their participating institutes 
and totally finance it fran national resources according to the 
rules  and procedures applicable to their national prograrnres·;  and 
•  consequently determine the scale of the coordinating activities 
and ensure the overall progranne management. 
· The  Ccmnission is responsible for the coordination at Camlunity 
level of the national research contributions to the programme  and 
the finances  needed for that purpose,  which are nodest  (about 3  - 4 
%  of the global costs of the research contributions from  the Member 
States) but of high return value due to their great catalytic· 
effect.  In the EC  it is estimated that the yearly global 
expenditure on health care is at least 200,000 million EOJ;  of this 
sum  around 1,  500  million ECU  is spent on rredical and health 
research. 
T"ne  MHR4  programme  aims  at prcnoting: 
•  Community  actions in jointly defined research areas considered 
Critically relevant to the SOlUtion Of major health problems  1  and 
•  Coordination of national research policies/strategies through 
progranne iinplementation by,  or in close association with,  the 
ccupetent research organizations of the J:.:lember  States. 
The  main objectives of this European collaboration are to: 
- opti.niize ·the capacity and econanic efficiency of health care 
efforts,  and thus to COll'bat  their steadily mounting costs, by 
initiating or implementing concerted projects in defined areas 
considered as critically relevant to the solution of major health 
problems  and their effects en occupational health; 
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- increase the efficiency of relevant R&D  efforts in the Member 
States through the mobilization of the available research 
potential of national programmes  and through their gradual co-
ordination at Community  level;  and 
- improve  scientific and technical knowledge  in the R&D  areas 
selected for their importance by all the Merri:ler  States,  and to 
pracote its efficient transfer into practical application,  taking 
particular account of potential industrial and econanic 
development in the areas concerned. 
Specific research and coordination EC  programmes  are advised upon 
by Manage.rrent  and Coordination Advisory Ccmnittees  (CGCs),  and the 
MHR4  programme  has  CGC  No  9  which is itself entitled "Medical and 
Health Research".  It is made  tip  of senior rredical,  scientific and 
administrative Member  State representatives who  work at policy-
making levels in their own  countries,  and they are therefore well 
qualified,  together with their own  naninated national experts,  to 
consider future health research needs for the EX::.  They accordingly 
set up earlier in 1988  special Programme  WOrking  Parties  (made  up 
of experts in the subject fields within the six Z.1HR4  research 
Targets)  to review the content of the fourth programme  and to help 
to establish as  a  basis for discussion the subjects to be  included 
in the fifth programme,  (already being planned for  1992-1996).  The 
deliberations of all the expert \'larking Parties were considered by 
the parent CGC  in June 1988,  and a  consolidated cbctlrrent  agreed 
entitled "Research  s  and/or Research  rtunities".  This 
eXpresses  m  the  orm o  research nee  the current state of the 
art in Medical and Health Research in the cpinion of the rrost 
senior  EX::  carmittee in this field,  and accordingly it warrants 
inclusion in full in this Annex.  The order follows that of the six 
research Targets formally agreed upon  prior to the approval of the 
t-1HR4  programme  in 1987 ,  and those Targets provide between them a 
full coverage of Medical  and Health research: 
1. )  TARGET I.l  ~  RESFAlOI 
Area I .1.1  Cancer· research training schelre 
In order to praoote training in cancer research in Europe,  a  fellowship 
prograrme is considered to be an extremely inportant and effective rreans  of 
support;  this is the single most  i.rrrrediately constructive measure which can 
be taken  I  alld the first 22  fellOWShipS  Were  awarded in June 1988  o 
Workshops  to provide for further educatioo of European oncologists will also 
be nest valuable. 
Area 1.1.2  Clinical treatment research 
Support for clinical treatment research has so far been channelled mainly 
through the Eur~an Organization for Research and Treatment of Cancer 
(EX:lR'IC)  1  but it could also be directed towards other groups if sufficiently 
promising projects are submitted in the future. 
Area 1.1.3  Epidemiological research 
305 - 16-
Main  areas for research on cancer epidemiology in the e: could best be 
detennined on the basis of three criteria :  the global inportance of a 
particular problem which could be tackled by European scientists; the 
existence of favourable conditions in the  EX::  as a  whole or in ·part for the 
study of specific cancers or of exposure to particular carcinogenic 
substances;  and the existence of EC-specific cancer-related public health 
problems. 
Area I.l.4  Early detection and diagnosis 
Develq>rrent,  or further develq>rrent,  of methods regarding: 
Colorectal cancer 
Prostatic cancer 
Malignant rnelanoma 
Early diagnosis of cancer using nonoclonal antibodies 
Radioinmunoasssays of various markers 
DNA  analysis with probes 
Chrcroc>sare  analyses. 
Regarding breast cancer and cervical cancer,  major questions remain open: 
Specific rnethocblogical aspects 
Social aspects, e.g. carpliance 
Evaluation of screening and early diagnosis prograrrtres 
Exchange of information between various screening groups. 
Area I.l.S  Drug  development 
Clinical testing of high-technology biological products,  especially of 
those products which cannot be tested in experimental animal  t\liYOUr 
systems.  Examples  are interferons, cytokines ,  inter  leukins,  growth 
factors,  etc. 
Preclinical studies in human  t\.Ul'Our  xenografts in nude mice 
Turrour  targeting,  using synthetic microspheres,  lipc)sares and 
100noclonal antibodies linked to chaootherapeutic agents,  cell-toxins 
or radio-active isotopes 
Developrrent of the rnethodology for large-scale chemo-intervention 
studies,  (with retinoides for instance) 
In vitro studies on  human  tumour cells for preclinical screening. 
Area I.l.6  ~irnental (fundamental)  research 
Oncogenes,  grCMth factors and their receptors,  cytokines 
Anti-oncogenes  and repressor-substances 
Gene  regulation 
Hereditary cancers 
Genanic changes  in cancer cells 
DNA-repair 
Cell adhesion and de-adhesion 
Plasma membrane  composition and cell surface moleCules 
Proteases,· secretion and regulation 
Angiogenesis factors 
Viral integration in the genare 
Soluble mediators. 
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2) •  'TARGE:l'  I.  2  AIDS  RESEARCH 
This Target is so recent that what  follows is, exceptionally,  a  list of work 
planned or already in progress in 1988  - the research gaps  and/or 
opportunities thus mainly fall between  the various headings below. 
Area 1.2.1  AIDS  Disease Control and P~evention 
1.1  tvk>nitoring  of trends of HIV  infections in specific population groups 
1.2  Statistical analysis and mathematical modelling of HIV  infections 
1.3  Heterosexual transmission - prospective follow-up 
1.4  Prospective study of children born to HIV-positive mothers 
1.5  Assessment of preventive strategies 
1.6  HIV  infections among  intravenous drug abusers. 
Area 1.2.2  Viro-immunological Research 
2.1  Production and assessment of purified research reagents 
2.2  Testing and quantitation of HIV  infections,  (antigens,  antibodies 
. and nucleic acids) 
2.3  Pathophysiology and immunology of HIV-related diseases 
2.4  Immunogenetics  of AIDS 
2.5  Design,  synthesis and evaluation of new  antiviral canpounds 
2.  6  HIV  variability at genomic,  antigenic and biological level 
2.7  Vaccine  development 
2.8  Developrcent  of animal m::>dels,  (excluding chimpanzees). 
Area 1.2.3  Clinical Research 
3.1  Clinical trials an opportunistic infections 
3.2  Oral problems  related to HIV  infections 
3.3  Clinical studies and trials of HIV  infections. 
3. )  TARGET  I.  3  AGE-REI:.M.m  HEALTH  PRaJLEMS 
Area 1.3.2 is considered to be particularly relevant to present and  future 
needs,  as has  already been rrentioned earlier. Although diseases occurring at 
all ages need research studies,  and the l'lHR4  prograrrrre  provides for this,  an 
emphasis will be placed on  those diseases of particular relevance to the 
increasing proportion of older people in Member  State populations. 
Area 1.3.1  Reproduction 
Environmental  and genetic influences on  reproduction and development 
Male  reproductive functions with specific reference to infertility. 
Area 1.3.2  Ageing  and Disease 
Identification of the biological, psychosocial, cultural, 
environrrental and econcmic detenninants of healthy ageing,  e.g. cross-
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national longitudinal studies to describe the age-related transition 
fran health and autonomy  through handicap to dependence 
Identification of risk factors for an  older person•s loss of autonomy, 
and minimization of that risk through preventive measures  and more 
effective services,  e.g. cc:mnunity  intervention studies on  elderly 
populations 
Production of meaningful  data which can be oampared internationally 
~hlltidimensional assessment of functional disability. 
Multidisciplinary activities will be particularly encouraged. 
Area !.3.3  Disabilities 
Prevention of disability 
Prospects for the treatment of disability Where  the present state of 
knowledge  penni  ts 
Strategies for nedical and social care. 
4. )  . TARGET  I .4  ~  AND  LIFE-STn.E RELATFD  HEAL'l'H  PRCI3LEMS 
Area !.4.1  Breakdown  in human  adaptation 
Health risks assessment 
Early pathological markers of envir01liiel1tal  exposure  (mechanisms  of 
homeostatic breakdown) 
Research into environmental and life-style factors relating to: 
• Cardiovascular diseases 
•  Neurobehavioural  and neurotoxicity problems 
•  Biological monitoring of individual exposure 
•  Immunotoxicity 
•  11Sick building syndrooe11 • 
Area !.4.2  Nutrition 
Methodological issues of the nutrition-health relationship 
Research into objective biological markers  of those dietary patterns 
which could be related to specific diseases 
Evaluation of the effects of different national prevention programmes 
at EC  level  · 
Research into the effects of certain food products,  of chemical 
additives and of contaminants  including human  milk. 
Area  !.4.3  Consumption of illicit drugs 
(Illicit drugs,  tobacco,  alcohol and prescribed drugs) 
Cooparable databases 
Monitoring of school-age populations 
Drug abUSe  and the . inmune  system 
Detection of the effects of newly-synthesized drugs of abuse 
. Evaluation both of existing treatment prograi'IIres  such as nethadone 
prograi'IIreS  and of social rehabilitation or self-help progrcilrlres  · 
Abuse  liability, Le. the factors affecting the maintenance of 
CCJti>Ulsive  drug-seeking behaviour 
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Changes  in life-style due  to European mobility and drug consumption 
Evaluation of the  impact of carpletion of the OC  Internal Narket,  tax 
harmonization,  and national drug control policies. 
Area I.4.4  Infections 
Hospital infections 
Hypersensitivity and allergy 
Chronic respiratory distress and asthma 
Enteric infections  {  imnune  response;  use of municipal  sludge  in 
agricultural applications;  11Montezuma 1 s  revenge") 
Users  of illicit drugs 
Congenital toJCq)lasm::>sis 
Infectious mononucleosis 
Legionnaires•  disease 
Lyrre  disease 
'l'l1m:>ur patients. 
5. )  ~.II  .1  MEDICAL  T.EX:HNCILOGY  DE.'VELCI.lMEN.r 
Area II.l.l  Diagnostic Methods  and Monitoring 
Biomedical signal acquisition 
Imaging  techniques. 
Area II  .1.  2  Treabrent and Rehabilitation 
Simplified and low-cost technology 
Arrbulatory monitoring technology. 
Area II  .1.  3  Technical and Clinical EValuation 
Lithotripsy 
Percutaneous transluminal cororiary angioplasty 
New  bianaterials and implants 
Appropriate techniques for the relief of urinary incontinence 
Appropriate techniques for the 'relief of speech impairment. 
6. )  TARGET  II  .2  HEALTH  SElNI~  RESFAlQI 
Area II.2.1  Research on  prevention 
Diseases of the locomotor  system such as arthritis and  low  back pain. 
Area  II.  2.  2  Research on  care deli  very systems 
Appropriate care for terminally ill people 
Impact of "non-orthodox" nedicine  {e.g.  haooeopathy,  acupuncture, 
chiropractice)  on  health care expenditure. 
Area II.2.3  Research on  health care organization 
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carmunity expectations and consurcer participation in health care 
· organization 
Health care in disaster situations 
Health interview surveys as part of health information systems 
Q.lality assurance in health care. 
Area II.2.4 · Health technology assessrrent 
Health scenarios in respect of technological developrrents  and health 
econany 
Econcmi.c  appraisal linked with clinical outcorce,  both in condition-
specific and in general health status. 
The  continued expansion of the MHR  programme  along the lines mentioned above 
will implemant the wishes of the MenDer  States with regard to health research  I 
and the success of this programme  is clearly shown  by the steadily increasing 
numbers of Eurcpean tenns wishing to work on a  transnational· basis.  All member 
countries participating in  'COST'  (European Cooperation in the field of 
Scientific and Technical Research)  are eligible to take part in the programme 
or in any ccxrbination of its six research Targets; in addition to the  EX: ~ 
States,  five other COST  nembers  are already participating,  namely Austria, 
Finland,  Norway,  SWeden  and 9.-litzerland - all of these have chosen to work  in 
between three and five of the six Targets.·  Informal liaison arrangenents also 
exist with the National Institutes of Health in the USA  and with the Canadian 
national health research authorities. 
00000 ANNEX  9 
Nuclear Fission energy  - Safety 
Introduction 
The  Countries  of the  Community,  because  of their different degrees  of 
energy dependance  and  levels  of  economical  development  have  applied 
different energy  policies.  The  disparities  found  during  the  70's have 
lately increased after the Chernobyl  accident.  However  a  great  number 
of nuclear  power  stations  have  been  built  in  Europe.  Initially they 
were  of the gas-graphite type,  followed  by  the  light water  reactors at 
the beginning  of the  70's while  the  development  of liquid metal  fast 
breeders  was  continued.  At  the  same  time,  a.  powerful  nuclear  industry 
was  developed  in  the most  committed  countries  (France,  United  Kingdom, 
w.  G~rmany) both  in  the  construction  of  power  stations  and  of the 
upstream  and  downstream  fuel  cycle.  The  power  stations which  have  been 
commissioned,  namely  the  light water  reactors have  reached  a  remarkable 
degree of maturity,  both  in their design  and  their exploitation.  While 
this maturity has  been  confirmed  the  national  R&D  programmes  financed 
by  public  and  community  funds  focussed  on  safety  aspects of  the 
protection of man  and  the  environments  against  specific development 
aspects.  Although  the  production of nuclear energy  compared  to oil and 
coal  is  less polluting for man  and  the  environment,  this  evolution was 
logical  because  of  the  potential  risk by  wrongly  controlled use  of 
nuclear energy  and  in case of an  accident.  The  THI  accident  in  the  USA 
in  1979  confirmed  this  trend.  The  impact  of THI  on  public opinion has. 
revived  in  most  of  the  European  countries  the  worries  of  the 
Ecologists'  movement  toward  nuclear risks.  This  preoccupation  involves 
nuclear power  stations,  fuel  cycle facilities,  problems  of  storage and 
the elimination of radioactive wastes. 
The  Community's  activities  in this  field derive  from  the Euratom  Treaty 
that  recognized  the development  of a  strong European  nuclear  industry. 
This  development  was  to  be  achieved  with  respect  to health of  the 
public and  of involved workers.  Regarding  this  a  certain  number  of 
arrangements  were  foreseen  in chapter III of the Treaty. 
At  present  the  Community  Research  Programmes  in  the nuclear energy 
fission field are mainly  related  to  safety  and  radioprotection;  the 
exceptions are  the programme  on  the  nuclear  fuel  and  the  actinides, 
part of which  is  related  to  development  of  fast  reactors  and  the 
programme  on  safeguards  and  fissile materials management  that  supports 
international  activities  controlling  the  peaceful  utilisation  of 
nuclear energy.  Research  on  radioprotection has  been  a  major  Community 
action since  the enforcement  of the  Euratom  Treaty.  Research  on  the 
safety of reactors,  on  the management  and  storage of radioactive wastes 
and  on  the decommissioning  of nuclear  power  stations,  where  Community 
action  is  very  important,  will be  examined  in  the world  context  and 
also· in  the  Community  perspective. 
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A.  Reactor  and  Safety 
1.  Principal objectives 
The  safety of reactors  concerns  the  design,  the  construction and  the 
operation  of  power  stations,  and  it  is  achieved  by  acting on  two 
levels:  the  prevention  of  accidents  and  the  reduction  of  the 
consequences  if  the  preventive  measures  were  not  able  to avoid  the 
accident.  The  measures  applied  to  arrive  at  these  objectives are 
largely  based  on  the  results  of  the  research· programmes.  The 
orientation of these programmes  has  been  influenced  as  far  as  the 
safety of  water  reactors  is concerned  by  the  THI  accident.  Before  THI 
this  type  of power  station had  acquired  a  high  degree  of maturity. 
Prevention was  directed  toward  . a better understanding and  improvement 
of the quality and  reliability of materials'  of  components  and  systems 
rather  than  improvement  at  the  level  of design.  The  limitation of 
accident consequences  was  restricted  to  the  area  of  design  basis 
accidents,  that  is  those events  which  could be  dealt with  by  the  safety 
systems  working  as  assumed  in  the  design of power  stations. 
After THI,  emphasis  shifted  to~ards  the  prevention  of  accidents by 
systematic utilisation of  e~perience and,  because  of the  important  role 
played by  the operator  in the  development  of  this accident,  on  human 
factors.  Quite  a  number  of studies  are devoted  to human  reliability. 
There  is an  attempt  to simulate  the  role  of operators  and  to  include 
them  in  risk  studies  and  probabilistic  safety. studies,  where  the 
principal ai• is to verify that all possible scenarios of  incidents and 
accidents  have  been  taken  into account  in  the design  and  the o·perating 
rules.  Since  THI  the  limitation  of . consequences  of  accidents  has 
shifted towards  the study  of severe accidents beyond  the design basis 
in order  to evaluate  the  extent  of  existing  safety  margins  and  to 
optimise accident  management.  The  Chernobyl  accident  has  not  changed 
this orientation of safety which  is presented  in  a  schematic  form  but 
has  greatly  increased the necessity to take  into account  more  and  more 
severe accidents whose  probability of occurrence  is very  low.  For  the 
fast  breeder  reactors the  problem  of safety is considered differently 
and  the research programmes  are  intended  to analyse  the  phenomenology 
of the  accident and  the  behaviour of materials.  components  and  systems 
with  the aim  of  improving  the design  and  conception of future plants. 
One  can  say  that  now  research  on 
justified . at  the  operational 
conditions,· and  for  reactors  now 
construction  level. 
the  safety  of  proven  reactors  is 
level,  in  normal  and  accidental 
being  developed  at  the  design and 
2.  The  safety of reactors outside Europe 
At  the  beginning  of  the  60's  the  USA  launched  a  very  important 
programme  on  the  construction  of  light  water  power  plants.  In  1976, 
this programme  was  slowed  down  by  the  Carter administration while  the 
development  of fast reactors was  retarded  and  was  practically stopped 
in 1979  after the  THI  accident.  The  development  and  construction of 
American  light water  reactors was  based·  on  multi-disciplinary research 
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programmes.  A  large part  of this  research dealt with safety,  notably 
all  the work  used  by  the  NRC  to establish the  detailed regulations  for 
the construction  and  operation of  these  reactors.  The  results of  these 
programmes  have  been  largely  available  to  those  countries  importing 
reactors  from  USA,  in  the  frame  of  licensing and  bilateral agreements. 
In  1979  the  THI  accident  provoked  a  reorientation  of  research 
programmes  on  safety  in the  USA  and  other countries.  Without  doubt  the 
THI  accident has  led  to a  systematic internationalisation  of American 
programmes  w~th  the  direct  financial  participation of European  and 
Japanese  partners  and  the  involvement  of  these  partners  in  the 
execution of  these programmes  in American  laboratories.  At  the  time  of 
the  THI  accident  the American  budget  for  the  research of water  reactors 
was  50%  bigger than  European  budget.  When  new  programmes  following  THI 
had  been  completed  this  budget  was  decreased and  now  one  can  notice 
both on  the  industrial  level  and  governmental  organisation a  trend  to 
R&D  research on  inherently safe reactors. 
The  Japanese  have  at present  a  budget  for  R&D  for  water  and  fast 
reactors  similar  to  the  European  budget  of  1970  for  light water 
reactors.  Japanese  programmes  have  lately been  disclosed  to European 
countries  as  a  means  for  international cooperation.  There  is little 
information on  research programmes  of USSR  but it  is clear  that  their 
accelerated  construction  of  nuclear  plants  of  the  VVR  type  (light 
water)  and  RBHK  (graphite __ light water)  and  their  development  work  on 
fast breeders  are based  on  a  very big research programme.  However  the 
Chernobyl  accident  caused  by  a  RHBK  reactor has  shown  that  the  USSR's 
main  preoccupation  is  not  at  the  same  level  as  in  the  Western 
countries.  Since  the Chernobyl  accident  there  is an  overture  from  the 
Soviets  for  international cooperation  in  the  field of research namely 
on  nuclear safety.  · 
Besides  the  above  mentioned  three  countries  Canada  has  developed 
important  research  programmes  on  safety for  the  CANDU  type  reactors, 
heavy  water moderated  and  light wate.r  cooled. 
3.  The  safety of reactors  in Europe·- what  is Europe's  position  in  the 
international context  - successes and  failures 
The  development  of European  nuclear programmes  has  only been  possible 
due  to a  major  effort at  the  research level.  One  must  consider  on  the 
one  hand  the  generic  safety  research and  applied research on  light 
water  reactors and  on  the other hand  the  R&D  of fast  breeder reactors. 
In  the first area  the  level  of competence  of member  states reflects 
more  or less'the size of  their nuclear power  programmes. 
The  German,  French,  British  and  Italian  programmes  are  multi-
disciplinary and  cover many  problems  in  connection  with  safety.  The 
British programme  has  been  directed lately towards  specific problems  of 
water reactors but  it has  profited from  the experience  acquired  at  the 
end  of  the  60's on  SGHWRs.  The  Italian programme  is smaller than  those 
of Germany,.France  and  United  Kingdom.  The  research  activities  in 
Belgium,  Netherlands  and  Spain are of a  more  specific nature. 
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Originally  European  countries  relied  very  heavily  on  American 
programmes  through  cooperation  agreements  and  the  exchange  of 
information  permitting  Europeans  to  confirm  American  results and  to 
acquire knowledge  and  a  level of competitive competence.  Specific areas 
such  as  the  strength  of  components,  structure of primary circuits, 
study of design basis  accidents  and  thermo-hydraulic  phenomena  were 
favoured.  Programmes  in  W.  _Germany  and  France  have  progressively 
increased and  now  benefit  from  a  steady exchange  of  information with 
the  USA.  In  1978  prior to the  TMI  accident,  the  USA  boasted  a  budget  on 
research of safety reactors  that was  50%  higher  than  that  of  the all 
the Hembers  States of the  Community  combined. 
The·  TMI  accident  of  1979  shifted  emphasis  of  European  research 
programmes  towards  severe accidents,  until  then  neglected due  to their 
low  probability  of occurrence.  Special  attention and  much  work  was 
spent on  the evaluation of source  terms  in various  levels of accidents. 
-Thermohydraulic  accidents  focussed  on  loss of coolant accidents;  the 
methods  of probabilistic safety analysis  and  evaluation of  risks  were 
developed  and  improved.  The  inclusion  of  the  human  factor as  a 
contributing element  of significant  value  to  global  risks  became  the 
subject of many  investigations. 
By  1985  as  these programmes  reached  com~letion,  there  was  a  tendency  to 
the  allocation of funds  to safety research programmes  in both  the  USA 
as well  as  the  countries of  the  Community.  The  Chernobyl  accident 
however  put  a  stop  to this  tendency  by  renewing  the  necessity to study 
the phenomenology  and  severe accident management  more  systematically. 
The  JRC  research programme  on  the  safety of reactors progressed·along 
parallel lines.  In  1987  the  amount  expended  by  the  Member  States and 
the  JRC  on  the  safety of  water  reactors  was  more  than  twice  that of 
the  USA  (238  MECU  to  113  MECU  of USA).  The  JRC  programme  alone  accounts 
for 15%  of the  combined  European  effort. 
Proven  reactors,  especially  light  water  reactors  have  been  an 
undisputed  success  in Europe,  not  only  on  an  industrial and  technical 
but also on  a  safety level.  European  power  plants  that accumulate  more 
than  1000  reactor-years of  operation can  boast  an  existence free of 
severe accidents.  Their design  safety and  regulation safety are on  a 
par with American  plants and  their operational  safety,  that of control 
and  operation  is better  than  in  the  USA  where  a  certain complacency 
contributed to TMI. 
The  concentration of operating  responsibility to  a limited  number  of 
companies,  the  standardisation of equipment  and  vigilance at all stages 
have  allowed- Europe  to attain a  higher  level  of reliability and  safety. 
As  a  result,  European  research  programmes  are now  competitive with 
those  in the  USA  to  the  point  where  the  latter  is  even  envisaging 
participating  in  a  French  Community  programme  "PHEBUS-fission 
products".  In  the past it was  mainly  European  partners  who  participated 
in  USA  programmes. 
In  the area of fast reactors,  R&D  activities are very closely connected 
and  are coordinated  in  the  frame  of  the  Club  of  Five  consortium 
<France,  RFA,  UK,  Italy  and  Belgium)  and  the  scientific and  technical 
results are at  the level of the extensive resources utilized.  The  JRC 
participates significantly  in European  research  in the  area of  fuels, 
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. and  analytical  and  experimental  activities  in  the modelling  of  large 
core  accidents.  As  far  as  the  fast  breeder  is concerned  European 
success  in joint development  between  France,  RFA  and  Italy  of  the 
SUPERPHENIX  prototype plant  and  its failure would  certainly question  in· 
the  future  this  type  of  reactor:  in  fact  the  political  influence. 
caused  by  the  Chernobyl  accident  in  conjunction with  an  accident  in 
1987  of  the  auxiliary system of  SUPERPHENIX,  which  had  nothing  to do 
with  the  safety of  the  station,  risks  to delay or even  jeopardise  the 
commercial  advent  of  this  reactor  and  questioning  the  EFR  reactor 
(European  Fast  Reactor)  which  was  launched  by  a  group  of utilities of 
the  countries of  the Club  of Five  (EFRUG). 
4.  What  remains  to be  done  in Europe?  Which  are  the  gaps  to  fill and 
what  are  the  new  opportunities  to seize? 
Research  on  the  safety  of  light  water  reactors  has  to be  pursued  in 
Europe.  A great number  of  the  programmes  launched  10  years  ago  have 
finished or  will  finish  soon,  especially the  work  on  thermohydraulics 
and  source  terms.  However,  the  Chernobyl  accident  reactivated  the 
necessity of  taking  into  account  the possibility of severe  accidents, 
and  leads  to the analyses  of the phenomology  of  less  probable accidents 
within an  increasing number  of accidental scenarios.  The  phenomena  for 
which  some  research will  have  to  be  conducted  morP.  thoroughly falls 
into the  following  areas  but  the  list is  not  exhaustive:  cooling of 
corium  inside and  outside  the  vessel,  the  phenomena  of interaction 
between  corium  and  concrete  resulting  in  the production of aerosols, 
phenomena  in  connection  with  the  behaviour  of  hydrogen  in  the 
containment,  a  leaktightness,  possibility of venting and  filtration and 
evaluation of corresponding releases. 
The  results  of these  investigations should  be  used  to define severe 
accidents  management  procedure,  and  methods  of sophisticated remote 
. handling  should  be  worked  out.  The  study of  behaviour  and  modeling  of 
operators  in  disturbed situations  to  include  in probabilistic should 
also be  pursued. 
In  recent years  some  studies  have  been  carried  out  for economical 
reasons  on  the possibility of extending  the  life of the plants  to 35-40 
years  instead of the  25-30  years  initially foreseen.  Some  research work 
already  exists  on  the  structure  of primary circuits especially  the 
steel of the vessels.  Also  other materials,  components  and  systems  will 
be  involved  where  it  is  necessary  to study  the  combined  effect of 
ageing  in hazardous  environments  (radiation,  temperature,  etc ... ).  In 
spite of  the  importance  of these research  topics which  need  some  more 
investigations,  the high degree of performance  and  reliability  of the 
present  installations is the consequence  of  the solution of most  of the 
problems  in  the  corresponding  research programmes.  It  is  likely that 
the  level of safety research activities will decrease progressively. 
Therefore one  should understand  the  necessity  to maintain  .a team  of 
competent  researchers  and  research facilities with  the  aim  to utilise 
efficiently the  experience accumulated,  that  is  to say  all knowledge 
pertaining  to the operation of  the  plants can  be  utilised  to  improve 
reliability and  safety.  This  team  should  be  able  to cope  effectively 
and  promptly  in case of an  accident  s  tuation. 
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Fast  breeder reactors  safety  research  is  still  being  conducted,  as 
opposed  to  that of  light water  reactors,  and  the work  will depend  on 
the political choice of the  member  states regarding  the  future  of  this 
type  of  reactor.  In  the  possible  hypothesis  that a  decision  is so 
delayed  as  to  correspond  to  a  moratorium  the  salvage  of acquired 
knowledge  will  be  obtained  only by  maintaining a  minimum  activity and 
competence. 
As  far as  new  opportunities  to be  taken,  increased  interest  has  arisen 
with  the  reactors of  the  new  generation  i.e.  :  optimisation of  fuel 
utilisation  {spectral-shift  reactors),  new  designs  of  improved 
inherently safe reactors  (power  limited  to 100  HWe).  The  development  of 
these reactors will  require studies and  research on  safety.  It is noted 
that  interest  has  been  shown  for  small  inherently safe reactors  by 
smaller countries  and  by  those  where  the  Chernobyl  accident has  made  an 
impact. 
As  regards  the  energy  strategy  one  can  see  that  the  production  of 
nuclear energy  is a  necessity in  the  short  term  for  a certain number  of 
European  countries  and  in  the  long  term  for most  of them.  This  form  of 
en~rgy in normal  conditions  of operation  is  less  poll~ting than  other 
forms  of  energy of  fossil origin.  Requirements  in connection  ~ith the-
protection of the  population  and  the  preservation of  the  environment 
are  the necessary counterparts  for  the development  of human  a~tivities, 
in  particular  industrial  activities.  This  is  why  the  Commission, 
confronted with  the  potential  risks of nuclear energy  utilisation.from 
bad  control or  in  case of  an  accident,  had  in  the  70's  given  broad 
priority to actions  in the  area of safety. 
At  present  concerning  energy  strategy,  some  member  stat~s have  made 
some  irreversible choices,  others under  the pressure of public opinion, 
particularly after the Chernobyl  accident,  are hesitating or are on  the 
verge of renoundng  the use of nuclear energy. 
The  Commission  must  play its  role  as  a  European  public  service  in 
reinforcing  its  activities  and  initiatives  in  the  area of reactor 
safety in order to ensure  that  the  countries of the  Community  who  have 
chosen  nuclear  energy  have  taken  all  the  possible guaranties with 
regard  to the health of the population and  the  environment  and  to bring 
to these  populations  and  their neighbours  the guaranty of a  thorough 
independent  evaluation. 
The  Commission's  actions  should  also  help  the  countries  of  the 
Community  who  are as  yet  non-nuclear  to reach a  decision not  influenced 
by  pressure groups  and  subjective psychological  argu~ents but  based  on 
objective  technical  arguments. 
As  far  as  the action to be  initiated or perceived  to be  pursued  at  the 
Community  level one  can  make  the  following  considerations.  In  the  past 
Community  research  on  reactor  safety covered  generally speaking  the 
area where  member  states carried out  national programmes.  The  Community 
contribution was  complementary  to this  pro~ramme and  benefited  from  the 
support  of  countries  which  did  not  have  a  large  research 
infrastructure.  In  the  future  taking  into account  the  general  trend of 
internationalisation of safety research  and  a  certain  decreasing  of 
funding  of  these activities,  it will assist most  probably  in a  better 
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optimisation  of  the  existing  human  resources  and  facilities. 
Accordingly,  Community  research can  :play a  significant role and  with 
the  JRC  has  the  appropriate means  to do  so. 
As  an  example  one  can  choose  two  categories of action  which  could  with 
advantages  be  treated at  Community  level: 
- problems  where  the  phenomenology  transcends  frontiers:  the  source 
term  is a  typical  programme  in this  connection 
- general  safety problems  not  specific  to 
mechanical  and  material  problems, 
assessment  methodology  human  factors, 
accidents. 
certain  types  of plants: 
aging,  probabilistic  risk 
phenomenology  of  severe 
Common  exercises  such  as  Round  Robins  (for example  the PISC  programme) 
or benchmark  exercises  (such  as  those  carried  out  on  PRA  or  source 
terms>should  be  used  to  carry out  such  actions.  One  should  foresee an 
extension of this  type of  activity  to  exercises  of  comparison  of 
methodologies  followed  in different countries,  comparison of  the  system 
of codes  employed,  modelling,  safety margins  etc ... The  aim  being  the 
demonstration  of  the  equivalent  the  margins  of  safety in various 
countries of the Community  and  an  incentive  in member  states  to choose 
common  analytical  tools  (modelling code  packages)  validated and  proven 
by  all.  In  accident  management  and  the  reduction of  radi~tion doses  of 
workers  the  progress  of  remote  handling  techniques  will  play an 
important  role.  The  proposition  of  the  Commission  for  a 
Telemanipulation  programme  in  hazardous  and  disordered  nuclear 
environments  (TELEMAN)  will  contribute  to  the  development  of much 
needed  knowledge. 
The  development  of  second  generation  reactors,  namely  those with 
inherently safe characteristics and  a  range  of advanced  reactors  <high 
temperature  reactors),  will  commence  in  the years  to come  and  will 
demand  big  efforts  from  constructors.  Efforts  will  need  to  be 
accompanied  by  studies  and  research  in  the  area  of  safety.  The 
Commission  should  support  the action carried out  in  this direction and 
participate in related studies. 
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B.  Nuclear fuel cycle, Radioactive waste management  and 
Decommissioning of nuclear installations 
1.  General 
The  nuclear  fuel  cycle  includes  the  total  of  activities  which  is 
necessary for the supply of fuel for nuclear power  plants  ("front-end" 
of the cycle)  and  for the treatment and possibly recycle of spent  fuel 
("back-end"  of the  cycle)  :  Front-end  :  - Extraction and  t~eatment of 
uranium  ore  - Conversion  into  appropriate  form  for  enrichment  -
Enrichment  (increase in U-235  contents)  - Manufacture of fuel elements 
for  reactors  ;  Back-end  :  - Reprocessing  of  spent  fuel  {possibly)  -
Remanufacture of fuel elements  (possibly)  - Management  and  disposal of 
the produced waste  (and of  the spent fuel if not reprocessed)  · 
·some of these activities raise from classical industrial sectors, e.g. 
mining  industry;  others  are  special  industrial  act.ivities  often  of 
high  technology character such as enrichment and  reprocessing;  finally 
the  management  and  the  disposal  of  radioactive waste  produced  by  the 
nuclear  power  plants  and  the  associated  fuel  cycle  facilities.  to 
which  should  be  added  the  decommissioning  of  nuclear  installations 
shut down,  are activities linked with environmental safety and  protec-
tion  and  don't  contribute  (at  least  directly)  to  the  development  of 
nuclear  energy.  All these  industrial activities are  characterized  by 
the  presence  of  radioactivity  and  by  the  necessity  to  respect  the 
strict rules of radioprotection.  · 
Mastering of  the  front-end  of  fuel  cycle  emancipates  from  the  depen-
dence on supply of enriched uranium Mastering of the back-end,  charac-
terized  by  the mastering of  the  reprocessing process,  gives  access  to 
plutonium,  governs  the  supply of  fuel  for  fast  reactors  and  permits. 
on  longer  term,  a  quasi-total independence  in nuclear energy matters. 
Such  mastering however  has  appeared  to  be  out  of  reach  for  the majo-
rity of  the  Countries,  because  of  the  high  technology  and  the  impor-
tant  investments  necessary  and  finally  because  of  the  links  existing 
between  the  applied  technologies  and  the  production  of  fissile mate-
rial for military use which  give rise to various constraints  (secret, 
international treaties like NPT). 
In  summary,  the  nuclear  fuel  cycle  includes  a  number  of  activities 
often of a  high technology character and  of strategical and  commercial 
importance. 
2.  Situation outside the Community 
Outside  the  CoDIIIunity,  the  USA  not  only  mastered  but  had  the  world 
monopoly  for  the  production  of  enriched  uranium  from  after  the  war 
until  the  early  seventies.  Since  then,  the  .Federal  Government 
followed  a  policy  of  disengagement,  leaving  to  the  private  industry 
the  possibility  to  finance  on  its own  both  the  R&D  and  the  new  fuel 
cycle  facilities.  Given  this  situation  and  the  one  on  the  domestic 
nuclear  market,  there  was  no  reply  from  the  private  industry;  the 
civil  reprocessing  industry  has  been  stopped  and  the  facilities 
dismantled;  the  enrichment  industry  survived  thanks  to  the  old 
installations  which  were  successively  shut  down  as  they  were  low 
profitable  in  using  the  old  gaseous  diffusion  technology;  the  indus-
trialization of  the ultracentrifuge process has  been  stopped;  the  R&D  . 
programme  is focussed  on  the laser enrichment  process which  could  put 
318 9 
new  life into  this  US  industrial sector  by  mid  '90.  Today  Europe  is 
exporting  enriched  uranium  to  the  USA.  One  can  however  state  that, 
thanks  to  the  military  programmes.  the  USA  keep  the  knowledge  to  a 
level which enables a  possible revival by  the end  of the century.  The 
management  of  radioactive waste is not  much  developed  in spite of  the 
large  budget  provided  by  the  electricity  producers.  All  progress  is 
in fact blocked  by  the  complex political-social-juridical machinery of 
a  federal  state  which  is  faced  to  the  problem  of  storing  in  one  or 
several states the waste produced on the whole territory. 
The  USSR  masters  the  total  fuel  cycle  and  is in particular  an  impor-
tant  exporter  of  enriched  uranium;  reprocessing  activities  on  an 
industrial  scale  are  practised  as  well  with  a  view  to  supply  the 
russian  fast  reactors  and  for  military  use;  little detail  is  known 
about  these facilities. 
Japan  continues  with  persistence  its  effort  to  master  the  total  of 
fuel cycle phases;  success was  already achieved on reprocessing thanks 
to  a  close  cooperation with  France  which  provided  the  technology  and 
know-how;  at present spent fuel is being reprocessed in the Tokai-Mura 
prototy~e plant or in  the  United  Kingdom  and/or  France;  a  large plant 
with a  capacity of  800  t/y is under  construction at Rokkasho  Mura  and 
is  SLh~duled to be operational by  1995.  Japan  considers it necessary 
to  develop  the  utilization  of  plutonium  as  nuclear  fuel  in  order  to 
guarantee  its nuclear  independence  (Japan  has  no  uranium  ore  mines). 
Japan  remains  still  dependent  upon  USA  and  France  for  supply  of 
· enriched  uranium;  however.  a  prototype  with  a  capacity  of  200  tons 
SWU/year  followed  by  a  plant  of  1500  tons  SWU/year.  using  the 
ultra-centrifuge  technology,  should  on  short  term  guarantee  the 
japanese  supply;  for  the  long  term  the  advanced  enrichment  technique 
by  laser is being studied.  A long and  ~portant effort is made  on  the 
management  and  disposal  of  radioactive  waste;  vitrification  of  high 
level waste  should  start from  1990  onwards  and  disposal  in geological 
formations  in the beginning of next century. 
China  masters  also  to  a  certain  degree  the  fuel  cycle.  mainly  as  a 
consequence  of  its  military  programmes;  an  enrichment  plant,  by 
gaseous diffusion,  is operational since  1965  and  a  pilot facility  for 
the  reprocessing  of  LWR  fuel  should  go  into  service  in  1996.  The 
management  of  radioactive waste is the subject of  a  recent effort and 
a  long  term  programme  has  been  launched  for  the  study  of  disposal  of 
waste in deep geological formations. 
India,  Pakistan,  South  Africa.  Brazil,  Argentina,  etc.  do  not  master 
on  an  industrial  scale  the  entire  fuel  cycle,  but  have  prototype  or 
"pilot installations for enrichment or reprocessing.  Their development 
is curbed  by  international measures  concerning  exchange  of  technology 
with proliferation risk. 
3.  Situation  in  Europe  - What  has  to  be  done  ? 
The  Community  is the  part  of  the world  where  the  fuel  cycle  has  been 
mastered  at  the  most  in  all  its  phases,  and  developed  both  on  an 
industrial scale and  in a  commercial sense. 
Large uranium enrichment facilities are operational since at least one 
decade;  they  apply  the  gaseous  diffusion  technique  (Eurodif  company, 
plant in France)  or the ultra centrifuge process  (Urenco  company.  with 
plants  in  the  Netherlands, · the  Federal  Republic  of  Germany  and  the 10 
United  Kingdom);  they  supply  Europe  and  export  on  the  world  market 
this  in competition with  the  USSR  and  USA.  The  enrichment  by  laser 
which  process  should  replace  by  the  end  of  the century  the  too  expen-
sive  gaseous  diffusion  technique.  is  subject  to  important  research 
programmes,  especially in France.  It concerns  here  a  sector of  high 
scientific quality and  of very advanced  technology,  of which mastering 
on  an  industrial scale  could  contribute  to  the  energy  independence  of 
the  Community  in  tlie  first  part ·of  the  next  century.  Taking  into 
account  the difficulties,  the cost and  the stake,  a  cooperation within 
the Community  could be most  desirable. 
'11le  reprocessing  of  spent  fuel  is  likewise  applied  on  an  industrial 
scale  at  different  levels  in  France,  the  United  Kingdom  and  the 
Federal Republic  of  Germany.  The  plant at La  Hague  in  France  is  the 
largest  in the world  and  would  within  a  few  years  be  accompanied  by 
the  Thorp  plant  at  Sellafield  in  the  United  Kingdom  and  by  the 
'Wackersdorf  plant  in  Germany,  the  latter  with  a  lower  capacity.  A 
certain  concertation  exists  between  these  three  big  ones  on  repro-
cessing via  the  United  Reprocessors  company.  Finally  the  industrial 
development  of the fuel cycle stages involving uranium - plutonium for 
light water reactors is under way  in these same  three countries which, 
only  together  with  Japan,  seem  to  achieve  its  complete  mastering  in 
the near future. 
The  importance  of  investments  to consent  to  these different installa-
tions,  in order  to  obtain  a  profitable capacity.  excludes  practical~y 
initiatives from  smaller countries.  Nevertheless,  other Member  States 
of  the  Community,  in particular  Belgium,  are  closely  associated with 
the countries mentioned  above  on various  fuel  cycle phases  {e.g.  fuel 
fabrication) •. 
The  management  of  radioactive  waste  is  in  particular  developed  and 
supported  at  R&D  level  in  most  of  the  countries  of  the  Community 
having  a  nuclear programme.  (For  example,  the  two  existing commercial 
vitrification  processes  are  from  french  and  german  origin).  The 
disposal  in deep  geological  formations  is likewise being  studied with 
large financial means. 
Research  in  the  area  of  radioactive waste  baa  been  and  is currently 
supported  at  Community  level  by  a  shared  cost  programme  1985-1989, 
with  a  budget  of  62  million  ECU  which  is already  the  third five year 
programme  on  this subject,  and  a  directly research programme  1984-1987 
· executed by  the .Joint Research Centre at lepra. 
The  shared  cost  programme  includes,  in  its  first  part,  studies  on 
waste  management  and  research  and  development  actions  on  system 
studies,  treatment  and  conditioning  of  radioactive  waste, 
qualification of engineered barriers, the development  of repositories, 
the  safety  of  geological  disposal  and  the  elaboration  of  management 
policies.  A second  part concerns  the construction and/or exploitation 
of .  underground  facilities  open  to  joint  activities  in  the 
underground  facility in the  clay at Mol,  Belgium,  (HADES  project)  the 
belgian  nuclear  research  centre  SCK/CEN  cooperates  with · french  and 
british  companies  in  the  framework  of  activities·  supported  by  the 
Community  programme  and  the  teats  in  the  Asse  salt  mine  in  Germany 
continue with participation from  the Netherlands,  France and  Spain. 
The  programme  of  the Joint  Research  Centre at  lepra  covers  three  big 
items  :  management  of  radioactive  waste  and  fuel  cycle,  safety  of 
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waste  disposal  in  geological  formations  and  feasibility  of  waste 
disposal into ocean sediments. 
Moreover,  in all countries having nuclear power  programmes  there exist 
nuclear  installations  being  shut  down  of  which  only  a  small  number 
have  been  dismantled  and,  in  the  future,  more  and  more  large 
installations will  arrive  at  their end  of  normal  lifetime.  Research 
activities  in  this  area  in  Europe  were  rather  dispersed  at  the 
beginning.  A more'systematic  and  coherent  action has  been  undertaken 
at  communitary  level  and  a  shared cost  community  programme  1984-1988, 
with  a  budget  of  12.1  millions  of  ECU,  has  been_put  in place,  which 
aims  at  a  joint  development  of  the  management  of  installations  shut 
down  and  the  waste  arising  at  dismantling.  This  programme  covers 
mainly,  in  its  first  part,  research  and  development  actions  on  the 
long  term  integrity  of  structures,  decontamination,  dismantling 
techniques,  treatment  of  specific  waste,  containers  of  large  dimen-
sions  and  system  studies,  and,  in  its  second  part,  trial  of  new 
techniques  under  real  conditions  in  the  framework  of  decommissioning 
operations at large scale.  · 
Politico-strategical,  military  ~nd  commercial  aspects  have  generally 
impeded or discouraged possibly initiatives at community  level on most 
of  the  nuclear  fuel  cycle  p;~aRes  of  which  some  are  moreover  safe-
guarded  by  secrets.  This  explains  also  the  present  concentration of 
community  R&D  on activities having  a. public service or safety charac-
ter  (Community  R&D  programmes  on management  and  storage of radioactive 
waste,  the decommissioning of nuclear installations) •. 
In the  future,  the  main  action  should  remain  on  safety  and  the  envi-
ronment,  that  is  to  say  the  storage  of  waste  and  the  dismantling  of 
installations.  To  a  much  lower degree than the industrial toxic waste 
it  is  true,  these  are  the  two · main  daily  nuclear  problems  in  the 
beginning of  the next century. 
With regard to nuclear wastes  the new  programme  1988-1991  of the Joint 
Research  Centre  includes  studies  on  the  treatment  and  solidification 
of  reprocessing  ·waste,  waste  characterization  and  the  safety  of 
geological disposal.  A new  five year  1~90-1994 shared  cost  programme 
on  management  and  disposal of  radioactive waste is under  preparation. 
The  main  lines  of  the  present  programme  will be  maintained  by  intro-
ducing  some  modifications,  for  example,  in  increasing  the  activities 
on natural analogues  and  in enlarging the supporting activities to the 
projects  on  construction  and/or  exploitation  of  underground  facili-
ties. 
In  the  field  of  decommissioning  of  nuclear  installations.  the  new 
shared  cost  prograDDDe  1989-1993,  approved  by  the  Commission  on  the 
19th  of  July  1988  with  a  budget  of .31.5  million  ECU,  conserves  also 
the  main ·lines  of  the  previous  programme.  However,  to  the  research 
and  development  actions,  an  action on  qualification and  adaptation of 
semi-autonomous· telecommanded  handling  systems  has  been  added.  The 
part  regarding  practical  testing of  new  techniques  should  be  carried 
out  in  the  framework  of  decommissioning  operations  performed  at  large 
scale in the Member  States. 
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As  regards  the  basic  research  supporting  the  fuel  cycle  activities, 
research  on  actinides constitutes an element of importance.  . 
This  research  implies  high  cost.  high  risk,  licensing  problems  and 
unusual  safety precautions,  which  exclude universities  and  conventio-
nal  national  research  institutions  from  entering  into  the  field.  It 
thus  constitutes  an  excellent  examples  for  the  beneficial  effect  of 
Community  efforts providing facilities which  otherwise  could  not  have 
been available. 
Actinide  Research,  executed  almost  exclusively  at  the  European 
Institute for Transuranium Elements,  is dealing with the investigation 
of  properties,  handling  risks  and  possibilities  of  technological 
application  of  the  heaviest  elements  in  the  Periodic  Table,  elements 
all of which  are radioactive and  some  fissile. 
All  the  activities  related  to  fuel  cycle  have  to  be  carried  out  in 
such  a  way  as  to  guarentee  the  peaceful use  of  the  nuclear materials 
concerned  and  the work  on  safeguards  and  fissile materials management 
responds  to  a  Community  obligation to  implement  nuclear  safeguards  in 
the  framework  of  the  Euratom Treaty,  the Non  Proliferation Treaty  and 
nuclear  material  supply  agreements  with  third  countries.  The  JRC 
through  its  research  and  development  programme •  acquires  the  basic 
scientific knowledge  and  gets acquainted with  new  technologies  needed 
to provide,  later on,  an effective support to safeguards inspectorate& 
of the Commission  (DG  XVII)  and  of  IAEA.  Fissile materials management 
by  plant  operators·,  which  has  an  impact  on  the  implementation  of 
safeguards,  will  influence  the  orientations  of  the  JRC' s  specific 
programme.  Efficient cooperation,  including task sharing, with  ESARDA 
{European  Safeguards  Research  and  Development  Association)  and  with 
the US  Department of Energy,  has been established to minimize duplica-
tion efforts in R&D  activities. 
In the safeguards area,  the research will be oriented  towards 
•  The  study of  the  safeguards  and  fissile material management  techni-
ques  and  the demonstration of  the way  they  can be  integrated in the 
inspection and  plant operation activity  • 
•  The  performance  assessment  instruments  and  devices  under  realistic 
field conditions.  · 
Due  to  the  strong  demand  for  training  of  Euratom  and  IAEA  inspectors 
in  the  use  of  measurement  systems,  substantial  increase  of  this 
training activity is foreseen. 
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C.Radiation Protection. 
1>  Aims  of  Radiation Protection. 
Radiation  Protec~ion aims  to protect man  and  his  environment  from 
the possible harmful  action of  ionizing  radiation.  Man  is exposed  to 
the following  sources of radiation of which natural exposure  followed 
by medical diagnostics are the most  important one: 
- natural sources  <cosmic radiation, "external" radiation from natural 
radionuclides  in  man's  environment,  "internal"  radiation  from 
natural  radionuclides  in the  body  including  inhaled  radon  and  its 
daughter nuclides>, 
- exposure in the context of radiological 
- exposure  from  industrial  activities 
production. 
medical diagnostics, 
such  as  nuclear  power 
In  line  with  the  expanding  use  of  ion.1.z.1.ng  radiation  in  nuclear 
industries and medicine and  the increased concern of the public about 
radiation  risks,  it is  imperative  that  man  and  his  environment  be 
adequately  protected.  The  persons  of  concern  in  this  respect  are 
workers  in nuclear industries who  receive their exposure mainly in an 
occupational context and the general puhlic which is exposed primarily 
to  natural  sources  and  medical  diagnostic  irradiation.  Radiation 
protection research is needed to provir\e the scientific background for 
the  establishment  and  updating  of  basic  safety  standards  and 
regulations in radiation protection.  Such  research must also help the 
relevant authorities to reach rational decisions on the development of 
technologies  involving exposure to radiation and  on crisis management 
in case of  an accident.  Radiation  protection research  in general  and 
the  CEC  Radiation  Protection  Programme  in  particular  thus  have  a 
central role in all policies related to nuclear development.  -
Consequently,  research in radiation protection aims  to define more 
accurately: 
- the various sources of natural, medical and industrial exposure,  how 
these sources reach man via environmental and other pathways and how 
they contribute to human  exposure, 
- the biological effects of  radiation,  particularly  from  low doses, 
the most prevalent type of exposure,  as well as the consequences of 
accidental exposure to high doses and  how these can be prevented or 
treated, 
- the  problems  related to  the management  of  radiation protection of 
workers  in nuclear industries as well  as  the possible consequences 
of  exposure  to  the  population  in  the  neighborhood  of  such 
installations, 
- the  potential  radiological  consequences  of  radiation  accidents, 
their management  a~d the development of  countermeasures, 
- the realistic  assessment of the risks  from  the different types  of 
radiation  exposure,  how  they  compare  to  other  risks  in  the 
industrialized  society,  and  how  radiation  protection  can  be 
implemented in an  optimal way. 
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2.History and Present Status of Radiation Protection: 
Radiation protection research and regulatory activities started soon 
after the discovery of  X-rays· and  artificial radioactivity.  Interest 
in radiation protection research  expanded  rapidly during  the  fifties 
and  sixties in response  to the development  of  nuclear energy  and  the 
fear of nuclear warfare.  It has declined somewhat in recent years,  but 
interest in radiation protection has  been  renewed as  a  consequence of 
the  Chernobyl  accident. Radiation  protection  has  been,  in  many 
respects,  a  pacesetter for protection against other harmful agents  in 
man's environment. The understanding of radiation exposure, effects and 
risks  has  made  considerable  progress,  and  radiation  protection 
philosophy,  regulations  and  practices  have  followed  closely  the 
expanding  scientific knowledge,  providing  a  stimulus  and  methods  for 
protection from other harmful agents. 
Nevertheless,  as  a  result of this progress,  the remaining  gaps  and 
uncertainties have become more apparent,  and other problems have arisen 
in relation to the development of new technologies involving radiation 
exposure and the management of radiation.accidents.  Public acceptance 
of such technologies will depend on an understanding of what radiation 
is, how it acts, what hazards it presents under operational conditions 
and after accidents and  how  the benefits of radiation application are 
perceived. Substantial social and economic considerations are obviously 
involved  in  the  development  of  technologies  involving  exposure  to 
radiation. 
The  scientific  information  used  to  develop  radiation  protection 
philosophy,  concepts and practices comes  from many various sources and 
requires  the  integration  of  information  from  several  disciplines. 
Research in the Community is of  a  high scientific and technical level 
and,  largely as  a  result of  the  Commission's  programme,  has  achieved 
a large degree of coordination and integration. It is crucial, however, 
that adequate  research effort be  continued  so  that the  expertise  now 
available in the Community,  needed for the every-day protection of man 
and  essential  for  crisis  management  in  times  of  an  emergency  be 
maintained in the future. 
Community  research  in  radiation  protection  contributes  a 
considerable  share,  in  the  order  of  one  third,  to  the  worldwide 
activities  in  this  art;la,  and  the  interchange  of  information,  the 
discussion  on  common  research  priorities  and  even  joint experiments 
among  Community  institutes  and  those  in  other  countries  are  very 
intensive. This interchange has recently received a  boost through newly 
co_ncluded  memoranda  of  understandings  by  the  CEC  with  the  USA  and 
Canada.  It is  characteristics  for  radiation  protection  that  certain 
international  organizations  play an  important  role  in the scientific 
assessment of risks and in recommendations for regulations, for example 
the  International  Commission  on  Radiological  Protection  CICRP>,  the 
International  Commission  on  Radiation  Units  and  Measures  CICRU>,  the 
United Nations Committee on the Effects of Atomic Radiation  CUNSCEAR>. 
Community  scientists  and  the  CEC  Radiation  Protection  Programme 
participate  actively  and  decisively  in  the  activities  of  these 
organizations. 
3>  The  Role of  the Commission  in Radiation Protection 
The  EURATOM  Treaty has given the Commission an  important task in both 
regulatory  and  research  activities "in  radiation  protection  in  the 
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Community and has  linked these two activities together.  Indeed,  since 
its conception the Radiation Protection Programme of the Commission of 
the European  Communities  has  become  an integral and  important part of 
European  research efforts in radiation protection sponsoring directly 
more  than  30  \  of  all  the  relevant  research  in  the  Community  and 
coordinating about 80  \  of this work.  This coordination and cooperation 
of research have allowed Member  States to concentrate on  those topics 
which  they considered  of  priority with  respect  to  energy production, 
health  and  environmental  protection,  and  underlying  basic  research 
while relying on their partners in the Community and  the coordination 
by the Commission's  Programme for information on other subjects or for 
the  use  of  special  installations.  This  complementary  structure  with 
intensive  cooperation  and  very little duplication  of  effort has  been 
one  of  the  most  successful  aspects  of  the  Commission's  Radiation 
Protection Programme resulting not only in a  remarkable interdependence 
·of  European  radiation  protection . research  but  also  in  substantial 
savings to Member  States. 
4>  Future Needs  in Radiation Protection: 
Protection of human health, i.e., of workers and the gP.neral public, 
and of  the  environment are  goals  which will continue  to  be  important 
for  the  future.  The  Radiation  Protection  Programme  thus  remains  an 
essential element in the Commission's policies to protect human  health 
and  to  develop  safe  sources  of  energy.  Consequently,  radiation 
protection  research  in  Member  States  as  well  as  the  Commission's 
Radiation Protection Programme should continue at the present level of 
funding  thereby  maintaining  the  scientific,  economic  and  politic 
advantages  gained by the Community approach. 
It should be  emphasized,  that radiation protection has  now  entered 
a  particularly  critical  phase  because  the  number  of  competent 
scientists has declined substantially and will continue to do so unless 
support  for  training  and  research  can  be  provided.  At  a  time  when 
technologies  involving  radiation  'in  general  and  nuclear  power  in 
particular  meet  increasing  resistance  by  the  public,  a  loss  of 
Community  expertise  in  this  field  could  have  economic  and  social 
consequences  which  could  harm  the  European  development  to  a 
.considerable extent. 
The Commission's services have prepared a  document of the Community 
Research  Needs  in  the  Field  of  Radiation  Protection  for  the  Period 
1990-1994. 
These needs  concentrate on 
A>  Human  exposure to radiation and radioactivity. 
- Measurement of radiation dose  and its interpretation. 
- Transfer and  behavior of  radionuclides in the environment. 
B>  Consequences  of  radiation  exposure  to  man;  their  assessment, 
prevention and  treatment. 
- Stochastic effects of  radiation. 
- Non-stochastic effects of radiation. 
- Radiation effects on the developing organism. 
C>  Risks  and management of  radiation exposure. 
- Assessment of  human  exposure and risks. 
- Optimization and management of radiation protection. 
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BABIC  REm'.AlQI  ANNEX  10 
'llle  speEd  of  saientifio  . devel.opuent  1n  the later  20th  century 
diota:tes  tba.t  scientists must  grapple with processes  of  change 
both at the ma.aro  ani micro sca.le.  So a  camprebension of dynamic 
non  J 1 near ani oomplex  phenomena  .is  fnxrlamentaJ.  to progress  1n 
all  spberes  of  science  ani  teohoology.  In  many  oases  the 
greatest beDefits from  sa1ecoe  ·have been derived.  from what  was 
originally  jWged.  to  be  'useless'  scientifio  eiqUiry.  Despite 
the  ever  d.ea:rea.s1ng  gap  between  f'nrrlamenta.l  1nvesti.gat1ons  ani 
ecxmomj oa1 Jy signifioant appl.ioa.tions  the v.lew  .is still current 
among  science pol1oy makers ani in:lustria.l leaders that science 
(at least · pml  j al.y  f\ux1e1  scieooe)  bas to he  pra.cJtioEd  not  for 
the . pursu1.  t  of DI!N  k:Dowlsige  blt for  the  sake  of  tsrimologica.l 
a.n:i  1IX1ustr1.al.  appl.ioa.tions  with  direOt  EO)Tlam1 o  benefits.  By 
its very nature basic research moves  into unk:Down  territory  a.n:1 
ffN oan  judge 1n advance what mig'h.t  he the future cx:msequetX)eS  or 
appllca.tions of the DI!N know'le:ige to be aoqu:ire:i.  It was  Faraday 
wbo  most  De&tly ~  asking  about  the  usefUlness  of  new 
scientifio disooveries  with  asking  what  a  DI!Nly ~  balJy  was 
gocd  for.  To  take a  arude example, if past scientifio resea.rob. 
bad been l1.m1  te:i to m1 ss:i on-oriente:i a.n:i soc1 a1 1  y  relevant topics 
we  might  Dt:N  ha.ve  better  ca.n:Ues  a.n:i  oil  lamp3  than  our 
forefathers blt nothi.Dg mald.Ilg use of eleotriQ.i  ty. 
There  1.s  no  room  for  oampl.a.6e:ccy  however.  · Although  Basic 
Research  bas  1e:1  to  breakthroughs  on  many  fronts  a.n1  .1s  both 
f'neJHng  transformations  1n society ani helping it to  adapt  to 
these  cba.nges it 1.s  subject  to  fashion  ani inertia. a.t  certain 
points.  'lhls  there  are  topics  which  for  years  polarise  the 
efforts  of  hl.m::ire:1s  of  scientists.  In  the  same  way, 
teohnologists  a.n:i  1.n:iustria.1ists  fi.Di  themselves  tra.ppe:i 1n the 
1nerti.a. a.n:i  ri.gi.di.  ty of a. ..system where atti  tu:::1es  still block free 
intercha.nge  between  countries,  between  disci.pl :ires  a.n:1  between 
the academia ani in:iustri.a.l.  sectors.  So  there is a.  ten:ienoy to 
pursue  ma.rgUlaJ.  iloprovements  1n  fields  which  are  already  well 
devel.opOO.  ra.tber  than more.  topi.ca.l or prom1.s1ng  themes.  It must 
.be  said  tba.t  ma.ny  poli.t1oia.ns,  often oore  interestai 1n  short 
term  results  are  also  too  ll  ttle  oriente:i  to  sub:rtantial 
imlova.tions. 
In this context lmrope,  with 1 ts weaJ.th of lnnnan:i stio, scientific 
ani  teobnologioa.l  oul  ture,  with  1 ts pluraJ.ism  ani d1  vers1  ty of 
traditio:ns,  its  methods  of  orga.niza.tion  a.n:i  produotion,  its 
patrimony of k:Dowl8!ge.  experieooe.  h1.story.  professi  onaJ 1 sm  ani 
url:an centres (as Professor Colombo,  Cba.1rman of ENFA.  wrote ten 
years ago) is jdea.JJy plaooi. ":irrleOO.  better plaooi tban any other 
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zcme,  to  ma.t.nta.in  a  fresh  dynamio  ani  unfetterei  appraaoh  to 
Bas1o  Resea.:rob..  An:1  we  must do so if  we  are to keep abreast of 
soo1aJ  traDSforma.ticms,  live  up  to  tbe  expeotaticms  that 
Europe's a:1.tizens have of 1 ts scientistS ani of 1 ts polltio1  aDS, 
ani  O\'erOOIDe  tbe oont1rm1ng  1mha.Ja.noes  in tbe world  economy  so 
that aJ.l.  ocrontri.es oan devel.op tbe1r full potential.. 
For  the  purposes  of  tb1s  rep:n-t  tbe  rapidl.y  expaniUlg  ani 
Q01Dh1 n1 ng  fields  of  science  have  been.  grouped  into  four  main 
areas  : 
1)- Physics 
2)- Mathematics 
3)- Cbem1stry 
4)- Ea.rth Scieooes 
This is by  no  means  to  ignore  the  importance  of life sciences 
whi.ch are deal.t w1 th in other annexes to this document. 
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1) PHYSICS 
From the snhnnoJ ear world of elementary pa.rt1oles to the whole of 
the  oosmos,  · physics  egam1 res  p:umanena.  ao:ross  a  r~e whose 
breadth  a.m.  diversity  is  truly  llrea.tbtald ng.  Although  it is 
oo:noernea  w1 th  fnrdamental.  questions  abcnlt  the  origins  of  the 
universe  a.m.  the  structure  of  matter,  its  1mpa.ct  ex:tems  fa.r 
heyOIXl  the sa.tisfaotion of man's desire to umersta.ni :ca.ture. 
Physics bea.rs  a  spoo1 aJ  rela.tionship w1 th most  of the so1eooes. 
Progress  in  physics  bas  toucba1  a.1JnoSt  every  soieooe,  by 
oontril:llt.:mg tbeoret1caJ. ooooepts am experimental tea1m1ques am 
its applioa.ticms  have  cbaDgecl  our daily lives.  Inventions  such 
as the transistor am  the laser have generatai entire in:iustries 
- m1aroe1eotron1o  am  opt1oal.  tecbnology  for  1DStanoe  - with 
· revolutiaca.ry  oonsequ.enoes  that  w11l  oontimle  to  tramform  our 
soaiety.  At the same  time remarkable develop:oents such as X-rays 
am  the  most  recent  ID'ol ea.r  magnetio-resanazlOe  1lllag1ng  have 
1mp:rov61  the  1mma.n  OOD11 tion.  Whether  it is  the  magnificent 
complexity of proteins am  IDJoleio  a.o1ds  or the grameur of the 
universe,  physics provides the priD:liples am models to carry out 
the necessary studies. 
Recent d..:1.sooveries in physics a.re  among  the greatest acbievements 
of  our  time. ·  Synchrotron  radia.tion  sources  ani  tunneling 
mic:roscopy have made  poss1 hl e  DEN  cJ asses of experiments.  Fusion 
resea.rch  oont1 IDles  to  progress  towa.rdB  the  goa:L  of  new  energy 
sources;  Partiale aooelerators ani telescopes are :be1..ng  USEd  in 
order to ~ve the answer  to the nature of energy ani matter ani 
their  transformations.  All  these  developnents  confirm  the  ol.d 
axiom that physics is fnxx'lamental  to all the :ca.tura.l  soienoes,  a 
fiel.d  where  the  sum  of  the  pa.rts  aooounts  for  more  than  the 
total.. 
Europe's  position in physics  is a  refleotion  of  the  position 
oamnan  to all the :ca.tural sa1enoes.  Here as e1.sewbere Europe bas 
a  long soientifio tradition, ~  soientifio potentia.l ani 
results which .a.re  first rate,  espeo1 al  J y  in basic resea.roh;  at 
the same  t1:me.  however.  there a.re  chronio  weaknesses  such as a 
oont1 TJ1)1 ng  seepage  of talent into better resouroec1  environments 
outside  Europe,  an  inadequa.te  ani  outda.tai  infrastuoture, 
barriers between traditional  areas ani between physics ani other 
· diso1p11nes,  between  the different  sectors  (whether  academia  or 
iniustria.l) ani of oourse between the various :ca.tiona.l soientifio 
OOJmDim1 ties.  By no  means  t.llB  least of the weaJrnesses in  'European 
physics  is  the  widespread  difficulty  that  is  experieDOEd  in 
turning bas1o :ltnowlEdge into suooessful iniustria.l applioations. 
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In  physics  per  hap:~  more  tba.n  elsewhere,  the  experimental. 
faoil1t1.es ~  a.re ~ly  Sopu.stioa:tai am.  costly.  At 
tbe same  time ex1.stiilg equipoent grows  more  rapidly  al:solesoent 
as  t;eohnnlogioBJ. ~  a.re  made.  There  rema.1n  barriers 
of  mutual.  suspiaion  at  least  l:letween  bas1o  am.  applioa.tians-
orientai  research  aJ.th.ough  it is ~Y  difficult  am. 
unreaJ.1st1o  to  separate  the  tw.  In  many  fields  physics  is 
~  alaser  to  other  d1so1pl1nes  am.  this is reflecte:i by  a. 
growing awareness of the neOO.  for a  matching mult1d1soipl1na.ri.ty 
of approa.oh am.  the developnent of aJ.together new  fields at the 
interfaces. 
Lastly am.  again in ()()!mi!()Tl  w1 th other  areas  of  sc1enoe  one  of 
Europe's biggest wesJmesses is the fragmentation of physics i.nto 
restrioted  national.  so:Lentifio  oirales am.  the  waste:i  strength 
am. potentiaJ. tb1s represents oompa.re1 with our competitors. 
~  have aJ.wa.ys  sought to uwover  the ultima.te structure 
of  matter.  the  el.ementa.ri  pa;rti.cles  from  which  the  1¢'1.ni  te 
variety &rOUD1  us is blilt, am.  to formulate the laws  tba.t b1nl 
these  . ocmstituents  together  b1iJd1ng  up  nuclei,  atoms, 
moleoules,  stars am.  ga.lax:l.es. 
Progress in the last ffN  years  has  lErl to  the belief  tba.t  the 
answers  to  these  questions  a.re  alose  at bani.  The  snhrmal ea.r 
world  of  'elementary  particles',  which  was  once  11kenai  to  a 
zoo,  has  lJeoome  a  gra.ti£yi.Dgly Ol'derly pl.a.oe  :  we  DfN  possess  a 
stama.rd. model of the universe as being made  of 
quarks am. leptons,  1:xnmi together by foroe-ca.rry.1.ng particles. 
Quantum  obramodynam1 os  seems  to  be  prov1Dg  the  correct  theory 
of  the  stroog  nuclear  force.  Weak  an:l  electromagnetic  forces 
have  been  unifie:l  1.n  a  Single  gauge-field  theory.  Aid  the 
current objective is to develop a  Gran:l Unification scheme  which 
will embra.oe  the  three  :f'mxlamentaJ.  forces,  gra.vi  ty,  the  uni.fie::l 
eleotromagnetio-wealt am.  the  strong  IJUCl.ea.r  force,  tba.t  control 
the behaviour of aJ.l bll.k matter an:l of biologioaJ.,  chemioa.l ani 
nuclea.t' pbBnOmena..  ' 
The  oontril:lution  of  Europe,  where  many  of  the  most  recent 
disOoveries  were  made,  has  been  outstaniing,  lx>th  at  the 
theoretioa.l am.  experimental. level.  Much.  of the suooess  is due 
to  CERN.  the  European centre  for  High  Energy  Particle Physics. 
Des1gnei  in1  tiall.y  to  responi  to  the  ever  growing  costs  o£ 
experimental.  faoill  ties  for  Sul:lnuclea.r  Physics,  it has  became 
the llleetiDg pJ.a.oe  of the European soientifio oommuni.ty working in 
the  field,  the  melting  pot  for  new  ideas  an:l  a  oentre  of 
excel  1 enoe,  where  major  adva.noes  have  been  a.abievai  :  the 
diBoovery  of  a  -~'  s  rare  deoa.y  JOOd.e  which  had  esoa.pe::l 
deteotion in previous u.s.A.  experiments,  was  foll~  some years 
later by the d1.soovery of neutral. currents am  more  recently by 
the  disoovery  of  the  w fl  z  particles,  which  esta.b11 shai  the 
tbeoretioaJ.  praiiot1ons  for  a  unifi.e::l  eleotramagnetio  an:l  weak 
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force.  'nlese  results  represent  1mpressive  triumpbs  of 
aooelerator  art.  experimental  technique  am  tbeoreticaJ. 
reasoning.  In fact,  CERN's  ~ing  ski  11 s  as  well  as  the 
aocnnm1ated  lmow-how  am  the  numerous  spin-offs  such  as  the 
~  magcets  teohoology  are  additional.  sou.roes  of 
suooess.  The  world's  biggest  pa.rtial.e  aooel.erator,  LEP.  is 
currently  un:ier  OODStruotion,  an  UDiertaking  whose  forb:idd1ng 
costs at :oa.ticmal level diotated a  joint effort.  CERN  has ixrleed. 
servei  as  an  eooouraging  example  for  many  s1 m1 1 ar  joint 
_initiatives,  either in the same  field. such as HERA in Bamrn:rg  or 
in other fields su.ch as Spaoe  (ESA) am Nuclear ntsion (cJEr) • 
Recent  progress  in pa.rtial.e  phys1.cs  has  geoerated  stimula.ting 
1.daas  in oo.smol,oft  wh1.ah  1.s  also  cxmoerna:i  w1 tb.  the  :nature  of 
forces  ani  ocmstituents  of  matter.  Gram  ·Oni:fiei  theories  are 
tested  through their oosmol.ogioaJ.  1JDpl.ica.tians  am  questions  on 
the origm ani the evolution of the universe mig'b.t  fini the right 
answer 1n soenarios 1nsp1re:1 by elementary particle physi.cs. 
Astrophys1cs  1.s  not  the  only  diso1.pl1De  to have  benefited  from 
its  interaction  w1 th  pa.rtial.e  physi.cs.  'lhe  same  1.s  true  for 
statist1caJ. meohan1 cs am ()()lrlensei matter physics.  Further.  the 
neEds of pa.rtial.e physi.cs for ad.vanoed oomputationaJ  :metbOOs  have 
lei  to  the  developnent  am  implemen~tion  Of  DEM  oomputer 
a.rch1  tectures. 
Within  the  ba.n:ifu1  of  scientific  di.scoveries  that  have 
revolut1Qn1 zei society is the discovery of  semi.Q()l'rluctors,  upon 
wh1.Ch  the oamputer am  oommuni.ca.tion  tecbnologi.es were basei.  A 
stream  of  new  materials  w1 th  remarkable  qua.li  ties  is  already 
flow.i.Dg  from l.al:loratories:  glass that beo::is  without breaki.ng, 
plastics as tough as steel, metals that stretch. 
Plastics ani oamposi  te materi.aJ.s,  transistors am  semi.COIXiuctor 
chi.ps  are rut a  ffN of the practica.l oonsequenoes of resea.rch. in 
ooxx1ffl1Sfrl-ma.tter  ~ics. 
Of all the braidles of physi.cs,  this has the greatest i.mpa.ct  on 
our dally lives through the tecbnologica.l d.evelopoents  to which 
it gave ani gives rise.  The  field's c1a1m  is in fact  that it 
holdS  the reoord for oonverting basic sei.eooe into sopb1stica.ted 
iniustriaJ.  teohnology  on a  time scale of  5  to  10 years. .  It is 
EqUally true .that tecbnologica.l a.chievements provide a  feed.-mck 
for  more  fnrrlamental  research.  It  is  a  field,  where  the 
interplay between scietX)e am  tecbnology is unique am  therefore 
a  field where  joi.rit ocmmuni  ty effort is requ1rei in order to face 
the cha.llenge from both the u.s.  am Japan.  Comrmm1ty activities 
should in particular ecoourage i.ni.tiatives that will help break 
down the barriers between basio ani appliei research.  Moreover, 
the  experimental  :Ulfi'astruoture  requ1rei ~  qui.  te  rapidl.y 
otsol.ete  ani  the  new  equi.pnent  even  more  expens1.  ve.  Commnn1 ty 
efforts  sbould  aim  at ·a  better  exploitation  of  the  ex:i.sting 
faa:l.lities  ani. sbollld  reinforce  the  oollaho-ration,  whether 
ex1.st1.Dg,  as in the oase of ILL at Grenoble,  or not. 
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In fact.  in recent years  the empbas1s  has sbiftai towa.t'ds  non-
cl  a.c;s1 oaJ  systems  :  from  organic COiduotors ani l1qu:l.d  crystals 
to superoon:iuotors ani superfluids.  fran amorpbous ani metastable 
ma. teriaJ.s  to the hig'hl.y  speoula.tive  quas1-<ll'1Stals.  speotacu1a.r 
resuJ.  ts  ba.ve :been proc1uoed. 
Much of the early ooJJab)rative resea.roh in tbese fields f.1..namerl 
by the (hmmmity bas been supporte:i by the Stinn1latian Action. 
S\(perooiduot:t.v1ti.  the  ab:l.l1  ty  of  eleotrioaJ.  currents  to  now 
w1 tbout  res1sta.noe  in  oe:rta.1.n  COiduotors,  is  a  rbenrnrenon  of 
grea.t  intrioa.oy.  tba.t  bas  lEd.  to  rema.rltallle  ani  essentiaJ. 
app1.1.oa.tiODS  in  the  most  ambitious  technolog1es,  with  an 
explosive growth in the teQbn1 oe.J  ani iD:lustrial. spin-offs  :  from 
me11 cal  d1agila3t.1cs  illlaging  to  the  world's  biggest  particle 
aooelerator.  fran fast-sw1'00h1~ dev1oes to :tus1on resea.rch. 
It is estima.tai  tba.t  by  the  yea.r  20XI,  the  worldwide  econonrlc 
impact  of  superooiXiuotivi  ty will be  tees  of  b1.l.l.1ons  of  EOJS 
wh1.ch  ma.y  expJ..a.1.n  why recent discoveries in novel supe:roomuoti.Dg 
ma.teriaJ.s ba.ve c:rea.tai such an exoitement in the world scientific 
(XlD!D'IIJD1 ty.  The high potentiaJ. for still wider app1.1ca.tions makes 
supe:rooniuotivity an attra.ctive ani ~  area.  for further 
resea.roh  ani  developuent.  This  is  1  mea1  a  field  where  joint 
European a.ctian is urgently neOO.ed..  a  rea.11 ty wb:l.ah  has a.lready 
been  fa.otn  by  the  relevant  scientifio  ·departments  of  the 
Comm1 ss1 on. 
Once  held  to  be  a  theoret1ca.l  tool  for  uniersta.rrl1ng  3-
d1 mens1 cmaJ.  real.  systems,  one-ani  two-d1:meDs1ona  models  ha.ve 
beoome  a  phys1caJ.  reaJ.1  ty  w1 th  str1..1Wlg  teohnologicaJ. 
applioa.tiODS.  We  nt:N ba.ve quasi-one-dj:mensionaJ. magnetic systems 
ani  quas1-two-d1mecsianal.  systems  of  layere:i  oompoun:is.  These 
modern low-diJnens101)8.1.  ma,ter1 aJ s have properties wb:l.ah  1nclude a 
non-oJ ass1 oe.J  behaViour of  . the electronic OOJX'Iuoti vi  ty ani apa.rt 
fran their  teohoologioa.l interest they ba.ve  theMelves been the 
source  of  f'un1amental  discoveries  such  as  the  fra.ctiona.lly 
quant1..sei  Hall  effect.  Heterojunctions,  quantum-well 
beterostruotu.res ani superlattioes,  tba.t is del 1herately designai 
quasi-two-di:mensi.onal  structures.  are  achievements  of  a 
revolutiona:ry nature for the future of nm-e  sopbistioa.tai lasers, 
d.eteotors.  h1.gber-speai  traDSistors  ani  adva.noei  optoelectronic 
devi.oes. 
One  of  the most  rema.rltallle  advances in the last decade was  the 
c:rea.tian  of  a;rtif1Q1 aJ 1  y  struot;urErl  ma.teri aJ s,  1nclud.tng 
superlattioes  ani  two-d1mecsional  e1eotran  gases.  These 
ma.teriaJ.s  possess  properties  that  oan differ  OQD.c;iderahl.y  from 
those  of  tbe1r  oanstituents  in  the  bilk  state  ani  tbese 
properties  oan  be  ~·  in desirable  ways.  In pa.rtioul.ar  the 
metbod  of  ian  implantation  has  made  it  poss1hle  to  area.te 
ma.teriaJ.s  with rs1 properties  tba.t  oan not be  proc1uoed  by more 
oJ ass1 oaJ  means. 
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Research witlWl the past decade has shown also that as ma;ter:1als 
are subjeotai to more  elCtreme  physioa.l OODiitians,  they displ.ay 
D£M  or speo1 aJ  properties.  On the other ba.td,  the developnent of 
"D£N  experimental. tools.  such as the intense syn:::ibi'Otron radiation 
souroe  ani  vacuum  tnnnel1 ~ miarosoopy.  oa.pabl.e  of  a  hig'h 
resolution probe,  ba.ve  shiftEd the empbas1.s  in oon1ense:i-ma.tter 
.phySics to Sif3"tESllS  more in~  tban the aJass1 cal  ones  from 
a  sa:l.entifio ani teohnologioa.l point of view. 
TO  complement  these.  Ief1  tbeoret1oal  tools.  such  as 
renormaJ.izatian  group  metbcds  ani  the  :IJDaginative  use  of  the 
camp1ter ha.ve been usei to embrace  ever-more c:x:mpJat  phenomena  : 
i.JJWerfeot  ani d1 fi01"'1emt ~  0  strontJ..y perturhErl rather than 
eqn111 llrium  ones  0  ~  with surfa.oes  am.  interfaces,  are now 
at the forefront of saientists' attention. 
Studies  of  oomensat  matter  at  fNf!r  lower  8.ni  higher 
temperatures,  at higher magnetio ani electric fields.  at h.1gller 
ani l.or~er pressures ani at much h1.gber purities will oontinue to 
provide us with ma.teriaJs a.m. properties ever more  surprising an:i 
in~  from a  technologioa.l point of view. 
It is  a.  field  where  progress  bas  ani  will  d.epeDi  on  highly 
sophist1ca.tai  ani  modern  equipnent,  such  as  Molecular  Beam 
Epi ~  (MBE)  macbines ani va.Qlnlm tnnnel1 ~  Jlliorosoopy.  The hig'h 
cost  of  such  appa.:ratus  1.S  forh1dd1~  for  many  European 
laboratories,  ani a  Stimulation a.otivity of scientific excba.nges 
ooul.d  give  aooess  to  existing  equipnent  for  more  European 
scientists. 
Having sta.rtai from  the stmy of 1 1 qu1 d  Q'l'1lS1ja1 s  l:asa:l  on  sma.ll 
orga.nio  mol.ecules,  more  effort  is  ourrently  l:leing  devotai  to 
tbose  forme:i  by  pol.  ymers,  oolloida.l.  suspensions  ani  biologioaJ. 
struotures.  The  variety  of  sul:6tanoes  exhi.b1  tiilg  the  l.a.Tge 
mimter  of  \liDlSUal.  ma.oroscopio  phenomena  fcnm:i  un:1.qUel  y  in  the 
liqu1d.-orysta.l  phase is in fa.ot  the reason· why  a  great deaJ.  of 
research  iS  ~  un:ie:rtaken·  at  present. 
Their  nan-11JlA3r  response  to rather  silllple  externaJ.  forces  an:i 
the ~t  oamplex  structural ~es  have  providai  a  rich 
testixlg groum for theoretioa.l ideas in the fields of non-l.inea.r 
fbenamena.,  moleOul.a.r  ordering ani phase transitions. 
Qna.s1~ls, an  even  more  recent  disoovery.  are  ma.ter1al.s 
wh1ab.  may  prove to p:>SSeSS  major iniust:ria.l. interest.  The study 
of  their  physioa.l..  properties  ani  their  atami.o  arrangement  bas 
just sta.rtei,  following  the fa.brioa.tion of l.a.Tge  samples in the 
lal:x>ratory. 
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'lbe most  drama.tio device area.  tEd am.  US8l in apt1cs,  as well as 
in &l:most  every bra.Ddh of saieooe,  "JDEa1o1 ne ani .i:rdustry,  is the 
laser.  :Its  uses  iDol.ude  atmosphere  am.lysis,  laser  surgery, 
laser  printing,  laser  obem1stry,  home  eleotronics  ani 
ma.tmfa.oturillg  8S  well  8S  bas1o  resea.roh  into  the  optioa.l 
properties  of·  materials,  which  bas  made  poss1hle  toda.y's 
u1  tral.ODg-d.1sta.11oe optical.  -fi.bre cxmamm1 cations systems. 
Semiocmiuotor  lasers  can  nowadays  sern  s1gna.1.s  exoe001rg  a. 
b1.llion  bits  of  information  per  seoon::l  aDi  electro-optic, 
magneto-optio  am.  aoouto-optio  devices  ba.ve  already  foum 
8pM1 aJ 1 ty &pplica.tions. 
Community  St1nml&tion  support  to  the  Buropea.n  Joint  optical. 
B:Lstahlllty  (&JOB)  project made it poss1hJe to produoe not  just 
~  first optioal. version of a.  tra.nsistor in the world,  rut also 
provai  the  feas1h111ty  of  an  &ll-<>pticaJ.  oamputer.  Optical. 
b1.stab1l1  ty has · also  become  a.  rew  arena.  for  the  study  of  non-
, 1  DAIU"  systems,  turl:W.eooe ani cha.6tio motion. 
'lbe  field of  mp11 Ilfflr ~cs  I  :tnstah1 1 1 ties ani cbaos  is 1.n 
faot umergcu.rg  a.  pericx:l of rapid extension.  A  rew  ma.tbema.tical. 
J..a.Dguage  ani wa.y  of  th1  nk1 rg  al:x:ru.t  DQDl 1 near  dynamics  has  been 
developed  by  ma.tbema.ticialls  ani,  more  reoentl  y,  by  physi.cists  I 
Computer  teabn1ques ba.ve  been essential for  experiJDenta.l  stlxties 
of  oomplex  dynam1 cs.  'lbe  eogineerirg  oammnni ty  is  also 
performi.Dg orua1a1 resea.rch 1.n  f1uid meoba.n1 cs.  :It is a.  field of 
a.  ll1g'hl.  y  interdiso1pl1  na.ry  nature  with  widespread  poss1 hl e 
a.pplloa.ticms  to  superoooiuoting  devices,  astrophysics  ani 
bi.o1ogy.  :It is a.  field where  the St1nnlla.tion Aotion can pl..a.y  an 
illlportant role by enoouragiDg ani strengtbeniDg mult1d1scipl1na.ry 
ani  :mUl.tiseotoral  resea.rch~  Deta.Us  of  current  a.ctivi.  ties. 
results  am.  future  treD:ls  will he  mentionai in the  chapter  on 
Ma.tbema.tics. 
Al.  tboug'h  the  physics  of  the  InlCl.eus  .1. tself is amc:Jrg  the  1east 
un:lel'Stocx:l  fields  of  basic  saieooes,  the  primip1es  ani 
techn1qu.es of xptru ear pb$iics ba.ve been use1. for years in a.  l.a.rge 
IDnnher  of applications  :  from  so11d-sta.te  physi.cs  to  mo1eoul.a.r 
gecetics,  from focx:l  teclmol.ogy  to forensio medicine.  from DiineraJ. 
prospeat1.ng · to oa.noer  therapy,  with nuol.ea.r  fusion prom1si.ng  to 
he a.  rew  energy souroe  I  Nuol.ea.r  medicine bas by DCN  been firml.y 
estaJ:>l 1  shEri  as  a.  sta.n:lard  pa.rt  of  modern  "JDEaicaJ.  pra.tice  I 
SpeoifioaJ.l.  y  ta.1lorei  radioisotopes  am.  a.ooel.era.tor  beams  a.re 
US8l  for  both  diagnostic  ani  thera.peutio  :prooaiures  ani  X-ray 
radiology ani nualea.r  magnetic  resoname  taoography  are  two  of 
the most  va.lusl techn1qu.es for d.1.agnos1.qf  disorders of the brain 
am blood ciroulation as well as ~. 
Malioal  i.nstrumenta.tion is in faot  one  of  the many  areas  where 
the  oontribltion  of  physics  has  been  outstan:ii.ng  ani  where 
Commnn1 ty support will prcx:luoe  resu1  ts that will directly imprOVe 
the human oon:U.tion. 
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2) MATBEMATICS 
In  the  history  of  Modern  Mathematics  one  does  not  speak  of 
'Revolutions' .  Unlike  the  Physioa.l.  Soienoes.  progress  in 
Ma.tbena.tics  does  not neoessa.ril.y ~  you  to prove  yourself 
wrcmg  as soon as plSS1h1e'  (R.P.  Feymna.n).  A proven ma.thema.tica.l 
result sta.n::!s  for ever.  Nevertheless we  can d.1st.iDgu1.sh periods 
of intense activity during which rew  trems appear resulting in 
deep am  last:l.ng ~es  in methodology,  goals am  perspectives. 
Ma.tbema.tioaJ.  Sc1eooe,  l1lte  all  .other  sc1enoes  is  currently 
UIXiergoing  such  a.  period of  tra.nsition.  'lh1s  is manifest  in a. 
variety  of  ways.  First,  we  are  w1 tness1 qi  rapid  progress  in 
so:Lentifio  results.  Same  lcmg  stam1ng  probl.ESDS  ba.ve  been 
solvai,  rew  ones  a.re ~  formul.a.ted.  New  fields are ~ 
up  in tbe  frontiers  of  knowl~e (topology,  geometry  etc  ...  ) . 
Entire bra.nohes.  wb1ch have been developei sepa.ra.tel  y, are com1 ng 
into  oontaot.  'nlB  advent  of  high  speal  oamputers  has 
revolut1on1zei  whole  subjects  from  al:etraot  mathematical.  logic 
ani rnl'Diher  theory to the most a.pplial areas of In1IIlel'ioa.l  a.na.l  ys1s 
ani JOCrleJ 11 ng.  But wba. t  ma.y  be 100re  important is the cba.nge in 
methods  ani  _perspectives.  The  barriers  between  different 
branches a.re gradual 1y disa.ppea.r1ng.  'nle old dist1not1on between 
pure am applied ma.thema.tics is  becx:ln1 ng  less am less visihle. 
Ma.tbema.tics  a.n::l  ma.thema.ticia.ns  are  oom1ng  out  from  their  ivory 
towers  a.n::l  f1rrung  their  inspiration  in  oontaot  with  other 
sciences.  In this respect  they go  back to the tradition of the 
old Masters such as Po1 nca.re,  H1 1 tert or ca.rta.n.  whose  ftJrrlamentaJ. 
contribl.tions in pure ma.thella.tics  were often made  in response ·to 
outst.a.ming problems  in other  sc.ieiX)eS.  In the same  wa.y  we  see 
today  amtra.ct  fields  such  as  topology,  K-tbeory  or  non-
oammuta.tive geometry which are fi.n::U.q%  d1.reot a.ppl.ioa.tions to the 
o1ass1 fioation of· defects in crystals or tbe theory of el.ementary 
particles.  Even more  i:mporta.n.t  is the  fact  tba.t  same  of  these 
ma.tbema.tica.l  theories  are  b;dDg  devel.ope:i  prec1.sel.y  to  answer 
questions  ra.isa:i  in  the  context  of  problems  in  physics.  The 
theory of illfini  te  d:J mens:1 ona.l  Lie  aJ.gebras  is l::le.Ulg  developOO. 
jointly by ma.tbema.ticia.ns  a.n::l  physicists.· 
In the 11m1  te::1.  space  a.va 11 ahJ e  we  cannot reviewo the wbol.e  of this 
exc1  t1ng a.n::l  ra.pidl.  y  changing field.  We  c.hoose  to mention only a. 
sil:lgle example not because it  :1s  intrinsically more important l::ut 
simply because it  illustrates very alea.rly tbe interdisc1pl1na.ry 
character of modern ma.thema.tioa.l research.  'nlB example chosen is 
the  ma.tbema.tioa.l  theory  of  non-1 1nea.r  phenomena.  a.rd  the 
geametrioaJ.  ideas  tba.t  are  revolut1on1  s1 qi  the  theory  ani 
applications of dynamical systems. 
Most  real-world  problems  oon£ront1ng  the  ana.lyst  be1ng  neither 
l.inea.r  nor  even  nea.rly  linea-r  fall  outside  the  doma:ln  of 
traditional.  olos&-form  a.na.lysis.  At  the  present  time  we  are 
witness1 ~  a.  spectaoula.r  bl.ossom1 qi of non-J 1  nea.r  dynamics  made 
poss1 hl.e  on  the  one  ha.trl  by  grea.  t  tbeoretioa.l  strides  in 
Poi.'nca:r6' s  topologioaJ..  a.pproa.ah  a.n::l  on  thB  other  by  the  wide 
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a.va:t, ah1, 1 ty  of  powerful  digital.  am  am.1ogue  computers.  This 
bas been st1mn1a.te:i  a.m.  susta.1ned by important ani  exo:l.~ IYN 
a.ppliOa.tions  tba.t  have  multipl.ia:l  tbroughout  the  hl.ologicaJ., 
eoolog1.oaJ..  soo1 a.1  ani  eocmom1 o  SQ1enoes,  fa.r  lJeyoD1.  the still 
vibrant tradiona.l fields of meohan1 as, physics ani obem1 stry. 
Txx1ea:l,  wberever  tbe  t:lJDe  evol.ution  of  a.  na.tura.l.  or  ma.u-made 
system  nes1s  to  be  mOOeJJa:l  -ani  explorai,  the  subtle  ani 
versa.t:Ue  teobn1ques  of  dynam1 oaJ . ~  theory  a.re  be1Dg 
involtfn. 
A  s1gnifioant  element  in  this  major  thrust  wh1ch  nicely 
ep1.  tom1 res  its  most  ad"YaDOSi  tbeoreticaJ.,  oomputiona.l  ani 
experimental. features is the d1soovery ani deJ 1  neation of cbaotic 
motions in rema.rkabl  y  silllpl.e  determin1st1.o  mOOeJ s  from  a.  gaJ..axy 
of d1soip11 res r~  from  population dymmics ani meteorol.ogy 
to  lasers  ani  particle  a.cx>elera.tors.  The  recent  d1soovery  of 
quite J.a.rge  regimes  of  cba.os  in tbe l.ODg-fam111ar,  s1rmsoi.daJ.l.y 
driven ])lffi.Dg ani van der  Pol.  OSQ111 a. tors  emphasizes  just how 
DlllCb.  was  m1 ssai  by  the  cJ a...c;s1 cal.  anal.  ys1s  of  ordi.na.ry 
differential. equations. 
With  the  advent  of high  speed  computers,  it might  have  seema:i 
tba.t dynam1oaJ ~  theory woul.d silllpl.y fade a.wa.y.  But quite 
the reverse is true ani 1  t  is 1nieEd one of the fastest growing 
fields  of  interd1sc1p11 nary mathematics.  The  reason is that  on 
the one bani the problems it ra.ises am the cballenges it sets to 
pure mathematics a.re trul.y fasaina.ti.Dg ani on the other its broad 
yet  precise  geametrica.l  ideas  a.re  vi  ta.1.l.  y  neEX1e:i  to  guide  the 
analyst through the  bewil.dering variety of complex behavior that 
he is l.ikel.y to encounter. 
Time evol.utiaos must norma.lly be model.a:l  by non-11nea:r  equations 
for  wb1ab.  olosa:l  form  anal.yticaJ.  sol.utions  a.re  unobta.:l.na.ble. 
'!'bey  a.re  ho'wever  read1l.  y  integra.ta:l  mrmerica.ll.  y  by  routille 
oamp1ter  aJ.goritbms  so  that  the  response  from  given  st.a.rtiilg 
oanditians is easil.y esta.bl.1shai.  But the starting ooniitions of 
a.  real.  system  a.re  never  known  precisel.y  ani · may  be  totally 
unknown  :  wba.t  1n1t1a.l. CODiitions shoul.d. be assumed for a.  oompl.ex: 
model.  of  tbe  atmosphere  or  an  oil.rig  at  sea.  in a  devel.opmg 
storm  ?  So  s1Doe  the motions of a.  non-l.inea.r system can depeDi 
aruo1a.l.l.y  on·  these  com1tions,  a  form1da.hle  task  begins  to -
emerge.  How  can  we  hope  to  expl.ore  the  responses  from  a.1.l. 
possible starts 1 
Clea.rl.y we  DeSi some overview of what oan happen in the evol.ution 
of  a  system  ani  how  this  is  influeooa:l  by  the  st.a.rtiilg 
OOid1  tiona.  Here we  have· our first major gu1danoe from dynamica.l 
~  theory  in  the  oonoept  of  an  attractor.  Typica.l, 
dissipative dYDSDiioa.l ~  exbihtt a.  start-up transient, after· 
wb1oh  the  motion  settl.es  down  towams  some  form  of  l.ong-term 
recurrent  beba.viour.  Motions  from  adjacent  starts  ten:i  to 
converge towa.Ms stahl  e  a.ttra.oti.:q! sol.utions. 
The  simplest  is  a.  stationary  equil.ibrium  pomt  at  which  a.ll. 
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motian  bas  oeasai.  Tbe  a.robetypa.l.  · example  of  this.  studiei 
exper.1lllenta.lly  by  Newton,  1s  the  peaiulum.  From  whatever 
sta.rt1ng  values  of  position am  velocity.  tb1s  returns  to its 
vert1oa.1 ~  state.  dampEn by air res1.staooe am  other fOl'llS  · 
of eoergy dissipa.tion.  , 
Intrcxil,atng  more  teohn1cal  J.a.nguage.  we  say  that  in  the  tWo-
d1mens1 cmal  aJ:stract  ~  whose  CXH:n'dina.tes  a.re 
d1sp.l.a.oement  am  ve1oc1  ty  · all poss1 h1 e  mtians  appear  as  non-
arossi.Ilg  spirals  oonvergillg  asymptotioaJ Jy  towa:rds  the  resti.Dg 
state at the origin.  'lh1s  focus in the  phase portrait of all 
poss1  bJ e  motiODS 1s callei a.  point a.ttra.ctor. 
Seooxxny  we  ba.ve  the per1odio a.ttraotor.  If  a.  tb1n steel strip 
is  driven  into  resonaDOe  by  an  el.ectromagDet ~  an 
&lterna.ti.ng ourrent,  the strip w:Ul ncmoal.ly settl.e into a.  steady 
vilxra.tion at the £requ.ecoy of the foroillg.  After a.  small knoclt, 
tra.ns1 ents  · will  slowly  decay  ani  the  stable  fnniament&l 
oso111a.tion  will  be  re-estah11shai.  But  given  a.  b:l.gger 
disturban:le  an  enti.rel.y  new  state  ma.y  be  al::serY'ed..  Different 
starts  of  a.  g1  ven  system  may  thus  lead  to  aJ.  terna.ti  ve  finaJ. 
states  with  multiple  a.ttraotors  ooeDsti.ng  in  a.  state  of 
coropetition. 
A  tb1rd.  reoentl  y  d:1..scove:rei,  a. ttraotor.  whose  UllB2CpElCtei 
features ba.ve  genera.tei an eXplosion of interest  I  is the  str~e 
or  chaotic a.ttraotor  tba.t captures the sol.ution of a.. perfectly 
determ1Dist1c ani well defi.nai  EqUation  into  a.  state of  steady 
rut  perpetual.  chaos.  But  aJ.tbough  a.  single  time  · history 
possesses  an aspect  of  true  ra.n:iamness,  a.  oompreb.ensi  ve  phase-
space  iiwestiga.tion reveaJ..s  an unierlyi.Dg order in the ensemble 
of  all  trajectorieS  whose  elucidation  is  a.  ma.jor  topic  of 
research ~st  ma.tbema.ticia.ns ani physicists.  It is the  f1na.l. 
settl.i.ng  in  the  mul  ti.d.:l.mens1onal.  phase . space  of  a..  l.arge 
di.ssipa.tive system to a.ttractors of low dimensi.on tba.t va.11.da.tes 
our  presentation · of  general  oonoepts  via.· specific  EqUations  of 
low di.meDsion. 
Multiplicities of all three  a.ttra.ctors can coenst in the phase 
portrait of a.  given system so that in simulations ani experiments 
"'- hewildering variety of finaJ.  time histories ma.y  be genera.tei by 
different starts.  Clearly am.lysts am  experimenta.lists  should 
be vitally aware tba.t such apparently ran:iom  non-pericxiic outputs 
may  be  the correct answer  a.tXi  shOuld  not  be  a.ttribltai to  bad 
tec1m1que  a.n:i  a.ss1gnai  to  the  wastepaper  basket  as  has 
unioubtaily happenEd in the past. 
'lb1s  description  of  multiple  attractors is not  in  the  least 
£a.oo1ful  or  ra.re.  Multiplicities  of  oompe~ steady  states, 
inolu"'~ cba.os  are  oonsta.ntl.y ~  d:1..scove:rei  even  for  very 
s.:j.mple  non-Unea.r systems  (eg Duffing's equation).  . 
Now  even  the  lJK>St  exact  of  the  physical  sciezx:>es  I  :the 
coefficients  of  any  model  a.re  never  lmcMl  w1 th  a.OOolute 
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preois1cm.  So  having prev1ous1  y d1.soussed tbe ;ghysirn1  stah1 1 1 cy 
of finaJ. states of a.  given system.  we  must explore tbe stah111ty 
of tbe mOOel 1 1 ng  prooess itself.  Would  we  get rougbly  tbe  same 
8DSwers  if our  equa.tiODS  bad  been  slightly  different.  '1h1s 
question is formal 1 ze:i in tbe oonoept of tbe struqtura.l stah1 1  1  cy 
of a.  pbase portra.i  t. 
Many  systems  are  in  a.  slowly  evolving  enviromnent  so  tbe1r 
ooeff1aients 8D:l parameters uniergo gradual cba.Dge.  Tben. if  thB 
evolv:l.ng  system is in a.  steady  state of  equ.:1.l.:U:Irium.  periodi.o 
oso11Ja.tion or cba.os.  the prediotion of any  S\Xiden  abaDge  is of 
arua1aJ.  1mporta.noe.  Such  hifuroa.tion  of  behaviour  will  ooour 
when  the  pbase  portrait  uniergoes  a.  qualitative  abaDge  of 
topoJ.ogi.oaJ. form a.t a.  point of structural. i.nstAh1 11 ~· 
An  important  c:listiDOtioD  is  between  those  ca:tastropht.o 
bituroa.tiODS a.t wh1oh tbere is f.1m.te  rapid.  jump to a.  DeW  steady 
state am  subtle hi:turoa,tions in wb1oh  tbe  abaDge  in response 
manifests  itself in tbe smooth growth of a.  DBW  loca.l a.ttraotor 
after tbe bifuroa.tion point. 
As  we  mentianexi  a.l.ready  this  faso1 na.ting  tbeory  grew  out  of  a. 
ooopera.tive effort among  ma.tbema.t1c1a.ns  and scientists from  a.1.l 
disoip11 res.  It has a.l.ready  revolution1 zai our UD:iersta.n:i1.  of 
long  stam1ng 'problems  such as  tbe  problem  of  turl::W.enoe  which 
have resiste:i a.ll·previouS attempts a.t quantitative ana.lysis.  It 
has  been  a.  lang  t1llle  siiloe  we  last wi  tnessErt  such  a.  frui.  t£ul 
coJlahora.tion.  Nor  is it yet a.t  an en:i.  We  are still actively 
involvai in it am.  we  are  loakiDg  oonfid.entl.y  forward  to  even 
.  grea:~ discoveries. 
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3) QHEMIS'l'RY 
The  Cben1 cal  1niustry bas been cma  of tba most important fa.Otors 
in  the  AQODOJD1 o  developnent  am  social  cbange  tba.t  bas  taken 
plaoe in Western Europe  over  the last tb1rty yea;rs.  Tb1s is an 
intriDsioa.lly 1Imova.tive sector aba.raoterisEd by the manufacture 
of  '!Y3V1  produOts am ma.terial.s  which integrate with ani replaoe 
natural  ones.  cal  1 1 ng  for  different  p:rooesses  atxl  teohncilogies 
from those lmown hi  tberto  .. 
As 1m1ca.te:1 in many  reoent reports an the Subject,  notably tba.t 
which surveyai opportunities ill tbe Cbemica.l  sciecoes umer  the 
cha.:1.rma.nsb1p  of  Professor  George  Pimentel  of  the University of 
caJ.ifornia.,  this is a.  time of major opportunity for advames on a. 
rnlJIIber  of fronts.  'lbese advames a.r1se  from  oont1rn11ng progress 
in our umersta.td1Ilg of the phenomena. of Cbem1 cal  change ani the 
JIIOl.eoul.ar  oaapl.exi  ty  1nvol  vai  1n  1 t.  This  growth  ill 
UJX!.e:rsta.Dd1  is  reflecrt;ej  ill  the  ever  more  rapid  rate  of 
d.1soovery of new  oaupou:o:Ss.  At the same  Ume tecbn1ques usei in 
Olemistry  a;re  ex:paDii.ng  ani  more  am  more  i:mporta.noe  is· heiDg 
a.ttachm  to  the use of new  instrumental  tecbn1ques.  wh1ch  hold 
out the promise  of an exoellent ratio of resul.ts to expeDi1  ture 
on macb1 nery.  For  example,  tbe cbem1 st is DIN using  extremely 
soph1st1oa.ted. ani more am more oostl.y instruments ani diagnost:lc 
a.i.ds  :  lasers.  speotrosoopio  instruments.  tbe  el.eotron 
microscope,  tbe tunnel-effect m1.crosoope.  NMR  neutron diffraction 
am synchrotron light.  Many la.bora.tories can afford no more  than 
a.  few  of  these  instruments.  At  the  same  t:lJne  a.  great  dea.l  of 
work  on  the  frontiers  of  the  discipline  a.n::l  on  the  interfa.oe 
between  1.  t  ani disci.pl 1 res  such  as  physics  or  biQOhemj stry  1.s 
hea.vil  y  d.epeo::lent  an  model 11 ng  ani  oamputing  fa.c111. ti.es.  It 
would seem  tba.t a.t  a.  European level there 1.s  a.  DeOO.  for  ex1.st1ng 
instrument resources to he poolai and made  a.va.11 ah1 e  to Qhem1 sts 
in Member  States wh1.ah  might not yet he in a.  position to provide 
aooess  to  the  whole  range  of .  instruments  ani  teahn1.ques 
thenselves.  At  the  same  · time,  given  the  ra.pid.ity  of 
developnents in instrumenta.ti.on certain existing fa.c111. ties could 
make  good  use  of  assistance  with  the  expense  of  necessary 
upgrad.i.ng  a.ct1.  vi.  ties. 
prnm1 s1 l'li a;rea,q 
Exciting  d.iooveries  in a.  rnunber  of  areas  a.t  the  forefront  of 
ohem1 stry can be antia1.pa.ted..  For  example in qhftm1pal  kinet1.cs 
(to use  a.  term  001 DEri  in the  Pimentel  report).  tbe  effect  of 
photon  al::$n'ptian  by  a.n  a.tom  or  JOOl.ecule  can  be  studiai.  The 
best-known example wh1ch has ca.ptura:l the a.ttenti.an ani moti.va.ted. 
the work  of numerous  nhem:l sts and biol.ogists is ph0tosynthes1 s. 
Even  though  the hopes  pl.aoei in the use  of  soJ..a.t- radia.ti.an  to 
d1SSC')I"rla.te  tbe  water  molecul.e  into ~en  ani  oxygen  an·  tbe 
pattern  of  li:ving  mechanisms  ha.ve  not  yet  been  arownai  with 
snooess,  the ·resea.roh done has nevertheless lei to the d1.soovery 
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of an impressive series of stages in photosyntbesj  s  am has la.id 
the  fOUJ:X3a.tion  for  EDCtremely  fruitful applications,  for  example 
}¥irogen prodllotion by d1.ssoaia.~ alcohol or the pr<Xiuotion of 
optica.lly  aotive  amjnoacMs.  'Dlese  new  processes  in  which 
mleoules interaot in intense }iloton fields a.re made possj  hJ e  by 
the  powerf'ul.  lasers  now  a.va-1 J able,  which  can  probe . abemicaJ.. 
rea.ot1ons  an a.  t1JDe  soaJ.e  tba.t is short oompa.red. to the 11.fet1me 
of  any  traDSient  sul:staDoes  that  can  be  sa.1d.  to  possess  a. 
:moleonJ a:r  identity.  ADotber  field h1ghl.i.ghtai in '0pportun1  ties 
in Qlemistry'  is tbegret1(\AJ  chem1.stry  (application  of  quantum 
JDeOhanj cs  to  ahem1.stry),  one  of  the  fields  in  which  Europe 
dQJDjna,tes.  It should be empba.Sjzai that its leadersbip bas been 
lllad$  possj  hJ e  by  measures  such  as  the  establishment  of  major 
oomputer  oentres  a.ooessj hJ e  to  numerous  la.bora.tories  a.ni 
opportun1  ties  of  excbanging  oomputer  programmes,  wb1cb.  ha.ve 
enoourage:i w:l.despread. ooopera.tion a.t European level. 
One  of  the  areas  of  quantum  abem1.stry  now  uniergoiDg  major 
d.evelopllent  1nvolves  the  caJ..oulation  am  cba:racteriza.tion  of 
interme:iia.te  struotures  a.ni  traDSi  tion  structures  in  organic 
reaotian :mOOeJ s.  'Dle possj  hi  11 ty of caJ..oula~ a.na.lyticaJ..ly the 
energy  gradients  a.ni  seoom  derivatives  of  wa.ve  functions  bas 
sta.rte:i  to  transform  the  methods  usei  to  study  chemj ca.J 
reactions. It 1s possj  bJ e  to study the various reaction pa.tbs  a.n:i 
to  select  those  that  a.re  the  most  p1'<)bW].e.  Most  of  the 
oaJ.oulations a.re carrie:i out on JIKXiel s  of simple cbemicaJ..  systems 
a.ni  a.re  USEd  as  a.  reference  for  a.  fa:m1ly  of  s1m1Ja.r  systems. 
QuaJ..1 ta.tive  :mOOeJ s  of  the  topology  a.n:i  energy  properties  of 
potential surfaces ha.ve been developed so that it is now  possihl.e 
to  interpola.te  between  the  a.va1Jahle  experimental.  data.,  given 
that only a.  l.imite:i number of models can be a.nalyse:i nu:mericaJ..ly 
in detail. 
Ga.t.qlj81S  is  a.notber  field  un::iergoi.ng  major  tra.nsfornation. 
F\mdamenta.l  advanoegj n  heterogeneous,  electrochemj caJ.., 
photoahem1caJ..  a.ni  enzymatic  catalysis  a.re  being  made.  As 
cllemj stry  is  essent1ally  the  a.rt  of  economicaJ..l  y  converting 
a.bun:iant  sumta.ooes  into useful products.  the study of  chemicaJ.. 
processes  a.ni  the  con::li  tions  unier  which  reactions  can  be 
i.mprovai  a.n:i  speOOal  up  inevi.tably  aooounts  for  much  of  the 
·resau'Ch  effort.  In  pa.rticula.r  the  study  of  catalysis  a.n:i 
catalysts,  i.e.  sumta.ooes  tha.t  can  spee1  up  cbemicaJ..  reactions 
without  thenseJ.ves  being  COilSUlilSi  in "tl"le  reactions,  bas  alwa.ys 
pla.ye:i  an  iluportant  role  from  both  the  scientific  a.n:i  the 
eoonaado aspects.  It is even more  usef'ul  to be ahle selectively 
to  mod.if'y  the  role  of  various  intermerlia.te  reaction  so  as  to 
pratOOte a.  given  fina.l. pr<Xluct at the eKpeDSe of others. 
Resea.rcb.  into cata.l.ysis is today enj~  a.  new  l.ease of li.fe as 
a.  result of the new  instruments a.vaj J ahJ e  ani the a.naJ.  yt1caJ..  a.n:i 
digital tecbn1ques  that ba.ve  recently been developed.  Bela.tively 
simple  :mOOeJ s  ba.ve  been  developed  to  represent  the  electron 
properties of simple JOOleoul.es  (oa.rl:xm :monaxid.e,  hl'drogen) during 
cruc1a.l  stages  of  cata.lyticaJ..  reactions;  these  theoreticaJ.. 
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resul.ts  aan  then  be  oompa.red  wi.th  experimental.  ones. 
Wi.th  these lOOdeJs it has been possible to oolleot essential data. 
on tbe elementary stages of oa.ta.l.  ys1s.  An un:ierstam1 rg of these 
models will eventua.lly fa.o1lita.te  tbe design ani developnent  of 
new  oa.ta.l.ysts for 1Diustry. 
It  should  be  pointei  out  tba.t  recently  a.  CQ1llh1na.t1on  of 
. favourable  COIXl1 t1ons bas emergEd ani shoul.d.  lead to interesting 
results.  Numerous  new  teo1m1ques  ani  a  range  of  extremely 
ef£1aient instruments are DOW  a.va1 1 ahl e  to researcbers. 
Surface  chemistry ani the study of meta.U1o  alusters  have  also 
umergone  signi£1aant  developnents  in  recent  years  so.  tba.t 
oa.ta.l.ysis reses.rob. has DOW  oeasai to be  "bl.a.ck magio",  as it was 
sometimes dubbe:i in the past, am become a.n  exaot sciei¥)8. · 
The  Ameri.oa.n  ana.lysis  h:l.gb11g'htei  the  roJ.e  of  chemistry  in 
systema.tio  strategies  for  the  discovery  ani  design .  of  novel 
materials.  In  this  'most  dramatio  frontier  of  ma.teriaJ.s 
soienoe'  several teo1m1ques are l::le:1..ng  developei.  ODe  of them is 
Int;erQaJ ation chemist:cy.  Same sol  :l ds C)ClDS1 st o£ layers or fibres. 
·  UDder  oerta.1.n  COIXl1 tions  foreign substanoes,  ions  or molecul.es, 
can be a.ooammoda.tei  between these layers or fibres.  Orig1nally, 
intercala.tian  cbemistry  was  developei in the  field  of  lameJ 1 a:r 
solids.  Nc:r-.7  the ocmoept  has spread to all phenameDa  where guest 
i.ons  or  molecul.es  are reversibly insertei into  a  solid.  There 
are  zmmerous  intercala.tion  oompoun:is  in nature  :  some  of  the 
micas,  our.  .bones  am  our  teeth  are  examples.  'lbe  most 
attractive  applioa.tions  of  interoala.tion  compoun::ls  are  to  be 
fou:cd in the area. of ma.teriaJ.s. 
Several  examples  can  he  given.  By  intercala.ting  lithium  or 
sodium  ions  in  lamel.la.r  dicba.lcogenides  (derivai  oompoun:is  of 
sulphur,  tellurium or selenium),  the con:iucti  vi  ty of the  system 
is  greatly  1mprovai.  The  advantage  of  such  systems  is  th;t.t 
energy  per unit mass is four  to five  times higher  than  thB.t  o£ 
conventional lead aocumula.tors. 
Manufacturers  have  also  shown  interest  in the  applications  o£ 
intercala.tion  compoun::ls  of  graphite  :  graphite  compoun::ls:  are 
often gooi  COirluctors  (in some  cases  nearly as  gocxi  as  copper) 
which  would  give exceptional  energies per  un1  t  mass  (ten  times 
that of lead a.ocumuJ.a.tors). 
As  progress  in  cban1.stry  a.ooelerates  the  traditional.  border 
between  orga.nio ani i.norganio obem1stry is disa.ppea.rmg ani the 
use  of  modern  instrumentation  is  lead1~ to  tecbn1queS  which 
quicken  the discovery ani testing of  new  reaction  pathways  ard 
strategies  invol~  ~P.fd  s.  SOme  o£  the  most  specta.ou:l.a.l 
results  have  been  obta.1.Dai  with  zeolites  (silicia.tes  in  which 
s1  tes are  wide tunnels).  Other appl.ioa.tions have been fOUDi  in 
light  displa.ys,  . in  particular  w1 th  tungsten ~  WOrJ.  Over 
am aoove  their 
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many  applications.  new  ani extremely prnm1s1ng  synthesis  routes 
ha.ve been develope:i.  bassi  in pa.rt1cu1a.r on topotactio reaotions 
(reactions  after  which  some  of  the  main  structural.  elements 
present in the 1n1  t1aJ. COlllpOUDi are fOUDi in the fina.l. COlllpOUDi) • 
In this way a  new  titanium ax1de bas been developei ani :ls today 
used.  as  a  catalyst  support.  Vanadium  disulpbide  vs2.  a 
compoun:l  that  was  not  known  previously.  has  aJ.so  been 
suooessfully prepa.ral. 
Follc:Ming  on  from  the  synthes1 s  of materials ani mak1 ng  use  of 
tbe1r  ahU1  ty  to  deaJ.  with  JOOlecula.r  compl.exi  ty  cbem1sts  are 
helping  to  invest:l.ga.te  ani  alarify  the  JOOleoula.r  orig1ns  of 
hi.ol~ ;pronesseB. 
Cbem1sts  are  today  fa.oai  with ~ly  complex  probl.eus  of 
synthes1 s.  They  Deed  to  produce  more  ani  100re  soph1stioa.ted. 
molecules  blt often the  convent1onal · organic  syntbffl1 s  methods 
are  no  longer  adequate  for  this  work.  There  are  in  :ca.ture 
suhsta.noes  oa.pa.ble  of  traDSform:i.Dg  simple  mol.ecules  into 
tbousa.D:is  of  different  JOOlecules  ani  ma.c:ramolecules  havi.Dg 
lllmireds  of  thousa.n:is  of  a. tams.  These  tra.nsf01"ma.tiODS  a.re 
ca.rrie1  out  w1 th outstan::ting  efficiency ani a.ooura.oy.  Cbem1sts 
have  there£  ore started. to study the al:l:U1  ties of enzymes  ani are 
try.1.Dg  to profit from the lessons to be lea.rnai from nature. 
In any orga.nism  the COIIStituents of living matter a.re synthesize1 
by  means  of  Qhem1 oaJ  reactions  catalyzei by  specific  effective 
sul:sta.noes.  the  enzymes.  '!be  extra.ord.i.na.ry  speed  ani  enormous 
selectivity of the reactions 1 xx'lllOE:d  by enzymes  a.re due to their 
conformation in space - the reagent is trappa:l in a  cavity of the 
enzyme.  To  :lJnita.te  the  chemica.l  action  of  enzymes  without 
~  their compl.ete chemica.l structure is one of the amb1  tious 
a.1ms  of synthesis chemists. 
'!be  most  pram1s1.Dg  approach.  although a.l.so  the most  oomplex.  is 
to synthesize a  molecule of a  different chemioa.l  nature  from a.n 
enzyme blt beba.vi.Dg in the same  way.  so as to catalyze a  specific 
produot that is useful to the chemist.  '!be a.1m  is to manufacture 
catalysts basei on enzymes  that are just as efficient but differ 
:f\miamenta.lly  from  the usual catalysts by their orga.nisa.tion in 
spa.oe.  The a.rtific1a.l. enzyme  must be capable of ~  its 
sul:stra.te  ani  tra.nsfol"'lliDg  it into  one  product  only.  even  1£ 
several.  are  tbeoretica.ll  y  poss1 h1 e.  '!be  a.rtific1a.l.  enzyme  must 
have· a  genuine catalytio activity - it must  not  be  COilSUJDEd  in 
the  reaction.  must  be  capable  of  producting  the  reaction  on  a 
large  number  of  sul:strate  molecules  ore  after  the  other  ani 
finaJ.ly must release the product into the env:L.ronment. 
Wh.Ust  the bene£1  ts of achieving  this will be  very great  1 t  is 
olea.r  tba.t  major  progress  can  be  made  only  by  encouraging 
interdisoi.pl.1na;ry research collaOOration.  between biologioa.l ani 
chemica.l research teams. 
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As  the  preservation of  our  environment  through  intelligent ani 
sens1 bJ e  use  of  the  earth's  resources  assumes  ever  greater 
importa.ooe,  the  earth  scie!X)eS  a.re  ga  1  n1l'lt  fresh  econom1 o  ani 
pol.iticaJ. sigDif1Qa.noe.  At the same time,  this scientific sector 
is un:ie:rg~ rad1oaJ  oba.Dge  as it moves  on from the disa.ipl1nes 
of  atserva.tian  to  those . of  experilllenta.tian  ani  JIKX)el11~. 
~.  l:leoause  its  very  subject  is  the  whole  earth,  this 
resea.rab. is essent1ally of an international. nature. 
With this shift tram JMk1~ otserva.tians of statio ani suooess:ive 
situations to the :reoonstruotion ani expl.a.Da.tion of the mechan1sm 
of evolution,  the earth soiecoes as they are oonoe.ived today oaJ.l 
for  a.  globa.l  approach  supportEd  by  IlUIIIel'OUS  a.ocura.te  a.naJ.yses. 
The  resea.rch  relates  to  lloth  structures  ani  materials  an  a.l.l 
· scaJ.es  from  the a. tam1o  structure of  c:rysta.l..s  to  the  texture  of 
rocks ani even the dynamics of plate. tectonics. 
SSvera.l.  types of a.otiv.i.ties can play a.  faiera.~ ani stimula.t:Ulg 
role  for  the  European  scientific  community.  The  direct  ani 
1nd1reot  stlxly of  the deep  structure of, the  11  thQsphere  is one 
example  :  today more is known about the surface of the moon,  Mars 
or Venus than the sub-soil of the. earth. 
Crysta.ls,  the  very  CODStituents  of  the  earth,  still  present 
IJUJDerOUS  problems, if  not as regards their structure at least in 
their  genesis.  The  demard  in  high  technology  for  flawless 
orystaJ.s  bas  lei to  oons1 derahl.e  advances  in  the  k:nowla:lge · of 
crystaJ.l.1.ne  illlperfectians  ani  ·growth  oo:1es.  However ,  phase 
traDSi.  tions  ani  interface  problems  still  call  for  lloth 
tbeoreticaJ. ani experimental  resea.roh.  This ·is a.  field in which 
the transfer of hasio resea.rch resuJ.  ts to applications could he 
particularly fast ani beneficial. 
Spa.oe  ot:serva.tions provide the key to the study of the Earth as 
an integra.te:l system.  From  these ob3ervations by satellites ani 
space platforms a.  large volume  of deta.ile:l data. can he collecte:l. 
'lh1s data.  can he ut1lise:l in ll1llllerica.l.  ani OOIX:leptual  mc:rleJJ1 ng 
whicb. together with the traditional. earth-scienpe disa.iplines can 
belp  to  obtain  a.  soientific  unierstan:U..ng  of  the  earth  as  a. 
whole.  One  of  the  JOOSt  obvious  :benefits  of  this  iix:n'ease  in 
unierstaD:i1.Dg bas been the iltlprovement in the a.ocur~ of weather 
praiiot1an which  resul  te:1  from  the  numerical  simulation of  the 
a.tnx>spbere with high-speai computers. 
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'!'be effect of human a.otivity an the a;tloosphere bas oa.usei marked 
obanges in recent years.  Since the iD:iustria.l revolution alone. 
the amount  of·  Ca.rlxm diaxide releasei  into  the air through the 
blrn1.ng  of fossil fuels bas iDo:reasei by almost  2B¥1  a.n::l  this. is 
ant1cipa.ted to d.ouhle within the neKt  100 years.  Ca.rlxm diaxid.e 
iilsul&tes the ea.rtb. preventing hea.t radiation.  As  a  result,  the 
temperature of the ea.rtb. has been ris:l.Dg at an unpreoe1ent.Erl rate 
such  tba.t  there  ha.ve  been  notioa.ble  ~es  in precipitation 
patterns.  Other  so-oall.ed  "greenbouse"  gases  have  been 
iiXxrea.sUlg in oanoentration at an even greater rate than Carbon 
diaxide am.  .it is estiJDa.tErl  that their effects oa.n  be  even more 
pronounoed. than ~. 
Apart from ca.ns1 ng  ~es  to the a'tloosphere  through the blrn1.ng 
of  fOSSU  fuels,  man  has  also  destroyed  l.a.rge  tracts  of 
vegetation resulting in a  further 1norease in atoospbe:re  Carbon 
diaxide levels a.n::l  a  depletion of ~en  sources. 
'l'be  cballges in the a'tloosphere  as a  result of the activities of 
man  are  difficult  to  assess  bJ.t  they  are  clearly  of  great 
.importalloe.  It  is ~  to  measure  a.n::l  document  these 
changes  globally  ani  to  .identify  causal  relationships  between 
them. 
'l'be ooean saienoes are a  relatively new  ani h1ghl  y  prom:1.sing area. 
of resea.roh am developnent.  Scient.if.io activity has.  in  a  very 
few yea.rs.  moved from the descriptive to the explanatory or even 
the  pred.ictive  stage.  It  touches  an  a  sphere  of  essentia.l 
k:nowle:ige  wh.ich  our  va.n1.sh.1.ng  resources ani the neai to protect 
our environment ha.ve  put in the spotlight. 
Si.noe it is, at one ani the same  time an enormous  reserve of raw 
ma.teria.ls ani feoostuffs,  a  gigantic dustbin.  a  primary factor in 
clillla.tic  baJ.a.noe  ani  the  world  ecology.  ani.  lastly.  an 
environment  the  un:iersta.n:iing  of  which  can  add  to  the 
frui.t£ulness of numerous bra.nches of the life sciences.  the ocean 
is a  hugely rewa.rdi.Dg  field of study. 
Ooea.nography  is an  inter  ani  mul  t1d1 soipl.1.na.ry  of  a  field  in 
which there is ba.rdl.y any real dema.rca.tion :between tasic research 
ani more applied resea.rch activities. Cross-fert111 za.tion :between 
d1scipl1  nes is essential here. 
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It is also a  sc:l.ecoe in wb1ch the scale of the problems is such 
tba.t  tbey  naturally call  for  international.  oooperation  aDi  in 
wb1ch  the  size  of  the  te:mn1 caJ  resources  1le0000.  leads  (ani 
sbou1d  ume  often  lead)  to  the  joint  estalll.ishment,  between 
various partners in different countrieEl,  of one  sha.re1  resea.rcb. 
tool.  Programmes  to  study  l.a.rge-sca.le  phenomena  are  very 
diffioult  to  orgam.ze  ani  fina.noe.  Lastly,  ooopera.tion  is 
rEqUired  between  the  Collmun1 ty am  the  developi.Dg  Da.tionS  who 
possess vast  . tracts of sea.. .  ·  · 
As  far as sectors of sc:l.ectifio a.ot1  v1  ty are· ooooerna:i  (physioaJ., 
ohem1 cal  or b1oJ.og1oal.  ooea.nography) ,  there is at present a.  neErl 
to  foous  ume on J.a.rge-soal.e  phenomena  (in time  or  space),  blt 
Qhoos1~  the  appropr.Late  scale  in  t1:me  or  spaoe  poses  many 
. problems  heoa.use  studieEl  of  the various  d1 mens:t ons  are  closely 
interdepeD:ient. 
Stretch1 ~  as tbey do right to the ooge of the oontinenta.l shelf, 
these  zones  are  the  loous  of  strong  interactions  between  the 
oontinen.t  am  the  ooeans  ani  for  this  reason  t.hey  a.re  doubly 
interest:mg.  On  the one bani the key to an UIXiersta.n:iing of the 
overall worki.Dgs  of  the  ooea.n1o  system is a  basic knowlooge  of 
ooea.n. oontinen.t  interface  phenomena.;  which  ca.n  be  studie:i  1n 
these zones.  On the other ba.txi  they are an area. of the sea.  where 
intense  hiologica.l  a.ctivi  ty  (in  the  form  of  wastes)  is  most 
ma.rkai. 
Bear~ in mini  the  direct  socio-eoonomic  i.mplioa.tions  of  a. 
greater  lmcMlooge  of  the  physioa.l.,  chem:ica.J  am.  hiologioa.l. 
pheDomena.  talt1ng  place  in  these  zones,  resea.rch  into 
oontinent/  ooea.n ·interactions an:i into coastal. ecosooi.ology  is of 
pa.r8100Ullt  illiporta.noe.  It  calls  for  new  or  reinforoei 
interd1sc1pl1na.ry work. 
On  the  basis  of  work  uirlertaken  in  this  way  by  a.  munrer  of 
d1sc1p11nes  it is poss1hle  to  move  towards  the  developnent  of 
coooeptual.  aDi  foreca.sting  JDOdel s  which  will lead  to  a  better 
'UDierstalrl1Dg . ani by  the  same  token a.  more  thorough nastery of 
the worki.Dgs  of ooastaJ. ecosystems. 
Resea.rch  will  basica.ll  y  require  the  ava:t 1 ah1 1 1 ty  of  an 
infra.struotu:re of marine stations am experi.nientaJ. instal.l.a.tions. 
The  Commnn1 ty ~  great  potential.  in  this  respect,  a  quaJity 
wh1cb.  ourrently ocmstitutes a  considerable asset. 
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seoamJ:y  the  v.l.ta.lity  of  scientifio ani  technical  progress  in 
this field is very much a.  fumtion of the resources (pa;rtioula.rly 
human  resouroes)  wh1oh  a:re  a.va:!lahle.  ani  the  extent  to  which 
integrated  a.pproaobes  within  a.  muJ.t1d1 soipl1nary  system  are 
poss1bJe.  At  this  level  oerta.1n  weaknesses  must  be  admitted.. 
ar1sing 1n part from  the J.ack  of resouroes ds11ca.tei to oerta..tn 
sectors  ani  also  from  a.  oerta.1n  fragmentation  of  work 
(pa;rtioula.rly so far as the universities are conoerne:i). 
But if  the Community can : 
bl1l.d.  up  the  muJ. t1disc1.pl1 nary  character  of 
resea.roh  centres  ani  the  cooperation  between 
speo1aJ..1ze:l centres; 
p:t'OIOOte  cooperation  between  marine  sta.  tions  ani 
university  centres.  which  a:re  often  widely 
separated. geogra.phica.ll  Y. 
The  effectiveness  of  European  R  &  D  in  this  field  could.  be 
greatly eJlbanoEn. 
The Grea,t Dee,ps 
The  deep  ooean  is a.  gigantio  eoosystem,  a.  deeper  knowledge  of 
wh1ch is a. vi  tal. prerequisite for making use of or expl.oi  t1ng the 
ma.ter1al. wh1ch lies b1dden there.  Whether,  for example.  to ensure 
that waste  prcxiuots  dumpe:i  into  the  abyss  by man  a.re  safe  ani 
j nnoouous.  or  to · exploit  the  areas  ·oonta.:i.niDg  pol  ymeta.l.l1o 
nodules. it is first necessary to learn JtiOre  about the meiofa.una., 
the  relief ani the phenomena.  (e.g.  !¥h'othermaJ.) which exist at 
these deptbs.  'Ibis knowledge will only be ga.1.na:l  via interJ  1nkai 
R  t1  D  work  in  a.·  m~ber  · of  seotors  (geology,  geocbemistry, 
gec;>physics.  chemistry.  biology.  mcteriology.  maritime 
engilleeri;ng,  eto  ...  )  ani  the  a.va:t J ah1 J 1 ty  of  oomplex  ani 
frequently onerous ol:serva.tion aili analysis techn1.ques. 
In  the  overall  world  R  rJ  D  ranld ng  in  this  field,  Europe's 
scientific  oommun1  ty  oocupies.  an  entirely  honorable  position, 
with  SCJIIIe  partioula.rly  strong  points  (in  geology,  geophysics, 
se"'  j mentology ani research techn1.ques,  · for insta.ooe) .  However, it 
is clear tba.t  .. where the Community has the advantage, its lead is 
precarious.  'l1l1s  is  particularly  true  so  far  as  metbOOs  of 
explori;ng  ani  anal.ysi.Iig  the  grea.t  deeps  are  conoerne:i.  The 
Community  was  ·the  first  to .have  mUJ.tibe6m  a.ooustio  soumers, 
which were a.  revolutionary tool. 
Today  this  method  is l:le1Dg  overtaken ani  new  technologies  are 
oom1ng  forward,  including  lateral. sona.rs  which  are  able  to 
a.na.l:yse  a.  greater volume of a.ooustio information from much l.a.rger 
areas of ooean noor. These new  tecbnologies are emerging outside 
the Colminm1 ty.  wh1ah might give attention therefore to the  joint 
developuent  of  large  "instruments"  (such  as  ships)  ani  IM.jor 
projects. 
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The interface between.  I1QfM am atmosphere 
The  ooean is one of the vi  taJ.  oampcments  of the al.ima.tio  system 
ani  as  fa:r  as  the  atmosphere  is  oaooerned,  it fulfils  tbree 
essential  f'l.uXJt1ons  :  S'tm'age.  tramport  ani  intercha.nge  of 
energy.  'lhese  are not  iix!.epelljent  f'uiX)tions  in the  ooean  siiloe 
they are houm by the law of energy  ocmserva.tion;  they are not 
1Diepetx1ent of interoba.nges with the a'boospbere e1  tber sinoe the 
ooean  is  a ~  wh1.cb.  is  couple!  to  it.  At  the  interface, 
ecergy is ~ei  in various  forms  (beat,  mass  ani movement) 
ani  on various  soal.es.  All  this  tberefore  :makes  up  a  group  of 
oampl.ex ~  pbenomena.,  which are turtber oamp.lioa.t.Erl  by the 
differeooes  in  reaction  time  between  the  ocean  ani  the 
atmosphere. 
Knowl~e of  "ooean ani a.'boospbere"  phenomena is closely  11nkErl 
to  ani  interdepelxient  with  oll:ma.tology  knc1w--how,  of  which  it 
forms  a.  sul:set.  DepeD:UDg  on progress  in the saie:ooe  of  earth-
atmosphere  exchange  phenomena,  a  natural.  oompl.ement  to  this 
science,  am  ·llirlerstaming  of  these  pttenomena.  is  essential.  in 
order  to be able to pre:iiot alima.tio va,r1ah111ty  over  a  l.onger 
period  than is p>EJS1bJe  at the  moment.  In this way  tools mre 
rigorous  than  tbose  wh1ch  exist  at  present  ooul.d  be  made 
ava1 1 ahJ e  for  t;he  p1 ann1 !S  of  various  eoonom1 o  m1 ~ 
(pa.rtiaul.a.rly  in agrioulture  or  to  wa.m  of  the  1rrevers1lll.e 
1  mOOJa.noes  which  human  a.otivity can  br~  about  (the danger  of 
too  great  a  quantity, of  carbon dioxide in the  a'boospbere,  for 
example). 
'l'o  th1.s  en:i it w1.ll be necessary first to have  ava 1  1 a.hle  a  tum 
of basio lmowlejge wb1.ch is still Jack1ng in order to arrive at a 
more  oomplete  un:ierstaD:i1ng  of  ocean  dynamiCs  or  physi.ca.l 
phenomena  relate! to the  ocean/atmosphere link.  To develop  this 
knowlaige will mean first of a.1.l  oontimlous systematic ani wide-
scal.e  otserva.tion  of  the  ooean,  with  a.ooess  to  oons1derable 
resources  (satellite.  remote  measurement,  tomographic  grid 
squariDg,  a.utoma.tio  measurements  via.  grou~  of  buoys)  a.m. 
lastly,  a  oa.pa.city to ~yse  ani ass1m11a.te  the data which bas 
been gathered. 
The  very  Size of  the problem ani of  the field in  question has 
brought about. the implementation of huge  international.  projects 
in which  the  European  soientifio  oaauuun1 ty has  played  a  l.a.rge 
part. In this way  ma.jor disooveries have been made  (about energy 
traDSfers  for  exampl.e)  which are  a  prom1.s1Dg  basis  for  future 
developDeilts. 
The  problems  ani  the  field  involved.  go  well  beyolXi  the 
Cammnn1 ty'  s  geograpbioa.l  l1mi  ts ani interests.  Nevertheless  1 t 
is very_ much  in tbe  Commnn1 ty'  s  interest  to  strengthen  still 
further  the  saientifio ani  techn1.0aJ.  potential  1. t. possesses  in 
this sphere. 
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certain speoifio objeotives shoul.d therefore be pursued  : 
tbe improvement of ma.tbema.tioaJ.  JJ!OOeJ s  to simulate 
intraooean1 o  fiCMS, 
tlle  eooouragement  of cooperation between  teams  of 
different  diso1p11nes  (physioa.l.  ooea.nogra.phy  am 
Qhen1 oaJ  dymmics  by  wa.y  of  example)  in o:rder  to 
make  a.  oontril:lltion  to  tbe  developnent  of 
ocmoeptuaJ.  tools  fac:U1ta.tillg  tbe  expl.am.tion  of 
such  l:las1o  pbeoomena.  as  the  n1  trogen  or  carbon 
C¥l].e a.t ooeanl  atmosphere l.evel; 
bJ11dt~  up  tlle  human  resources  a.va11ahle  for 
research  work  in  tb.1s  fiel.d  by  gi~  a.1d.  for 
tra.1n1~ am the recruitment of Ie¥1 resea.rchers for 
ex1st1Dg teams. 
B1ol.og1oaJ.  prooesses  eXert an iluporta.nt  infl.uenoe  on the  gl.obaJ. 
system.  The earth's eoosystems are highl.y vul.nerable to cba.nges 
in tbe  mcterDaJ.  env:Lronment.  The diversity tba.t is to be  founi 
has  devel.opai  aver  l:xUl.ions  of  yea.rs  ani  evol.ution  can  be 
aooura.tany  d.ocJiunentEd  throug'h  tbe  st\xly  of  sa'1venta.ry  rocks, 
ooea.n  sa'1ments am  ioe-oores.  The  aba.tlges  which  ba.ve  oocurrai 
in tbe ollma.tio cxnxiitions ma.y  also be monitorai -in tb.1s  wa.y  ani 
their  infiueooe  on  tbe  biota.  estim;tEd.  This  k:now'l.edge  is of 
v:l. tal. .1mporta.noe to the un1ersta.IdiDg of recent challges. 
The distril:lltion of l.ife  on  ea.rth is la.Tgel.y  d.et.erminai  by  the 
phys1oaJ.  ollma.te  system which in turns depends  on the variation 
on sol.a.r  hea;tiDg  w1 th l.a.ti  tude.~  Tbe  physical  ollma.te  prooesses 
which  inol.ude  airoul.a.tion  patterns,  precipitation,  evaporation, 
vegetation  eto  are  currentl.y  being  el.uci.da.tEd  using  satellite 
tecbn1ques. 
The ~  of the pr1Do1pa.l.  chemical oonstituents of the earth 
(Carbon,  Nitrogen,  Sul.pbur am· OXygen)  are a.l.l.  d.epeixient  a.t  some 
stage  on  hiol.ogioa.l  prooesses.  This ~  ties  in w1 th  the 
prod.Uotion of  Hgreenbouse" gases ani determines tbe extent of the 
pollution of tbe atmosphere.  Whil.e  satellite ol:serva.tions are a. 
use£ul.  tool. . for  stud.yi.Dg  hiogeoohem1 oaJ  ~,  1  t  must  be 
suppl.ementEd by in-situ  sampl.1ng.  · 
The distribltion of rainfall,  sntN,  evaporation ani runoff on the 
earth governs tlle extent ani prpduotiv:l.ty of biomass.  Changes in 
J.am  use  can  a.ffeot  the  gl.oba.l  ol.ima.te  through  }¥irol.ogical 
a.l. tera.tions. 
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The Sql1  d  Fa:rth 
CUrrent  areas  of  investigation of  the  solid earth  1ncl.ud.e  the 
study of oant:menta.l. deformation ani evolution,  the structure ani 
oonveotive pa.tters in the mantle ani the dymmo-meohan1sm  of the 
earth  Is  ·core  1 tself.  New  tools  SllCh  as  Verry  Im>g  Ba!;e11 ne 
Interferometry (VLBI) ani satellite laser ~  are belllg usai 
to measure  oantillenta.l.  separation.  By  ga:1n1ng  an  :Ulsight  into 
plate  deformation,  ea.rtbquakes  ma.y · he  praiiotsi  with  greater 
aocuraoy.  Satelll  tes are 'lJlN able to provi.d.e date for mcx'leJ s  of 
plate  motions  ani  establish  oanneotiODS  between  JMntle 
c1.rculation ani teoton1o a.otivity. 
The  souroe  of earth's magnetio  field arises  from  the core.  the 
d.eta.Uei structure of which is oot yet well known.  By  studying 
the eartbs' magnetio  field the oore' s structure ma.y  be eluoida.tei 
ani geol.ogioaJ. history ca.J 1 hratsi. 
The  evolution  of  the  earth  is  closely  inter11nkai  with  the 
evolution of life upon it ani by  oant1rn11ng  to study geology  a 
better  oomprebension  of  the  evolution  of  the  Earth  ma.y  be 
a.chievm. 
THE  BKPIDITATION OF  SP~ 
Spa.oe  can  be  ta.cklei  from  a  IDnnher  of  different  angles  : 
kncwlooge.  getting there,  usiilg it as a  field of lmma.n  a.cti  v:1. ty. 
At  a  nationaJ.  an::llor multina.tiona.l level  (the  ESA  for  example). 
all of these aspects are now  belllg tackl.ei ani are the subject of 
oonsi.derahle work. 
NevertheJ ess.  bearing  in  mini  the  COmmunity's  scientific  am 
teohn:l.oaJ.  objectives  ani  the  neeis  as  well  as  the  existing 
potent1al  in  this  field  in  terms  of  Europe's  scientific 
oampeti  tiveness.  a  Community  a.otivi  ty  would  seem  to  be  both 
nooessary  am  opportune  in one  pa.rticula.r  sector  :  the use  of 
spare as. a  stud.7 1llAi1Ym. 
For  spaoe is.  as  a  l.a.boratory.  sometb.:l.qt  special.  Whilst it is 
pGSS1hle  to area.te  hypergravity situations  on  earth it is not 
p)Se1  bJ e  to  area  te  prolongei  oonll.  tions  of  weightlessness.  Ani 
a.lread.y  mio:rogravi  ty seems  to  be  usef\11,  sometimes  even  v:1. ta.1.. 
for the study of many  phenomena. 
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Two  subjects are of part1cu1a.r ()()ll()eJ-Jl in this respect 
(a.)  Space biology am  JDS31o1ne,  wh1oh seems  oerta.in to 
be a.t  tbe origm of ma.jor  praotioa.l spin-offs  (so 
far as biology am  bas1o pb.ys1ology are ocmoernai, 
through tbe knowl~e tba.t will be ga.inai about tbe 
effeots  of  oosm1o  rays  am  gravity  an  li.~ 
organ1 sms).  Up  to DOW  tbe knc7.ila3ge ga.inai by (am 
for)  spa.oe  fl..ights has made  1.  t  poss1  hJ e  to d.eYel.op 
a.trauma.tio  systems  of  measuring  a1roula.tian  tbe 
ecbotomogra.pbio  st\ny of  organs.  tbe use  of which 
can DOW  be antioipa.  ted. in bosp1  tal. m00.1o1 ne. 
(b)  The  st\ny  of  pb.ysi.oo-abem1  prooesses  umer 
OODi1. tiacs of micro gravity am  tbe d1soovery am 
d.eYel.op~~ent  of  new  ma.ter1als  w1. th  speo1 a.J 
properties  (eleotrioaJ..  magnetio.  optioa.l  or 
meohan1 oal).  Apart  for  tbese  problems.  which  are 
l.1n1tai  to  the  develop~~ent  of  raM  ma.ter1als  in 
olam1  o  "terrestrial."  con:l1  t10DS.  it  is  aJ.so 
important· in this seotor  to improve  our knowlooge 
of tbe role of microgra.vity in materials science. 
For  whilst  gravity  oa.nnot  ba.ve  an  illfluenoe  an  the  1dea.1. 
struoture of  a.  solid it oerta.1.nly  can an fluids.  Furtbemore  as 
solid  ma.teria.ls  are  often  prepa.ra1  Via.  a.  fluid  phase  (steam, 
mel~  pot  or  solution)  gra.vi  ty might  be  expeoted.  to ba.ve  an 
effeot an tbe properties of the growth enviraDment am  heooe the 
aotual. struoture of a.  solid,  tba.t is to say its properties. 
Bearing in in1.Di  tbe knowlooge  which is al.ready  a.va1 1 ah1 e  here. 
together  wi.th its interest  (both soientifio am  praotioaJ.)  am 
the  prond s1 ~  prospects  which  these  two  sectors hold  out,  they 
seem  to  be  exoe11ent  bets  for  the  future  am  really  ought  to 
benefit  from  an  1.ncrea.se:i  R  Tl  D  effort.  This  would  mean 
supper~  basio  research  work  so  as  to  oomplement  the 
theoretioa.l  f()l)Dja tion nt:N  to ha.ni.  am it would also mean  tha.  t 
tbere  would  have  to  be  ada:iua. te  resouroes  (both  human  ani 
f1nanc1a.J)  as  well  as  the  "tools"  for  we1..ghtlessness  st\xlies 
(towem.  a.irora.ft,  rockets,  sa.telli.tes,  orbi~  space stations). 
Only  tbe  U.S.A.  am  tbe  U.S.S.R.  ~ves  posses  all  the 
neoessary fa.ailities for this type of R 9  D.  It would  seem  that 
these  two  oountries devote  oons1derallle  resources  to the  field. 
In the (hmnnm1ty  only a.  few  oountries (aoting on tbe1r  own,  Via. 
llila.teraJ.  ooopera.tian  or oolleotively wi.tbin  the  ESA)  play  any 
part  in  the  exploration  of  this  new  area  of  scientific  am 
tec1molog1oaJ.  investigation,  ani they only devote fairly modest 
resources to it. for a.  number of reasons. 
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SPACE 
In  -its  communication  <COM  88  417  finall  of  July  1988,  "The 
Community  and.  Space:  a  Coherent  Approach",  the  Commission 
reviews  Europe's  position  in  space,  its strengths  and  w~akn~sses; 
it shows  that,  increasingly,  Community  policies  and  activities 
have  a  bearing  on  the  evolving  space  field  and  vice-versa;  it 
concludes  that  there  is  a  need  and  opportunity  for  the  Community 
to  play  a  broader  and  more  active  role  in  space,  a  role  which 
must  be  complem~ntary  to  the  one  of  ESA  and  the  national 
agencies. 
As  things  stand,  the  overail  verdict  on  Europe's  space  activities 
seems-to  be  altogether positive:  space  is  an  area  in  which,  by 
establishing  the  ESA,  Europe  opted  from  the  outset  for 
cooperation,  and  that  cooperation  has  rapidly  led  to  some 
spectacular  successes,  such  as  the  Ariane  launcher,  Spacelab, 
Heteosat  ,  the  Giotto  mission,  and  the  European  Communication 
satellite system. 
·created  in  1975  out  of  the  merger  of  the  first  European 
cooperative  structures  <ESRO  and  ELDOl,  the  task  of  the  European 
Space  Agency  is  to  develop  and  promote,  for  exclusively  peaceful 
purposes,  cooperation  among  European  states  in  space  research  and 
technology  and  their  space  applications,  with  a  view  to  their 
being  used  for  scientific  pur~oses  and  for  o~erational  space 
applications  systems. 
The  first  generation  of  programmes  developed  by  the  ESA  amply 
attained  their  objectives  giving  Europe  technological  and 
industrial  capability,  in  particular  through  the· Ariane  launcher 
·and  the  applications  technology  <telecommunications  and 
meteorology).  By  deciding  in  The  Hague  in _1987  to  launch  a  new 
generation  of  programmes  <the  heavy  launcher  ARIANE  V,  the  Hermes 
spa~epl~ne,  and  the  participation  in  the  international  Space 
Station  through  the  Columbus  programme)  Europe  firmly 
established  its presence  ~nd its ambitions  in  the  field  of  space. 
The  new  ESA  long-term  plan  not  only  maintains  the  continuity  of 
the  scientific  research  programmes  arid  the  continued  development 
of  applications  technology,  but  also  represents  a  leap  forward  in 
"both qualitative  and  quantitative  terms. 
However-~  alongside  the  strenghts  to  which  these  successes 
testify,  Europe's  space  effort  also  suffers  from  a  number  of 
weaknesses.  While  a  great  deal  of  effort has  been  p~t  into  the 
development  of  space  systems,  there  is  still  a  need  for  a 
matching  effort  to  encourage  exploitation  of  the  potential 
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offered  by  these  techniques. 
In  .its  Communication,  the  Commission  defines  how  it  can 
contribute  to  the  realisation of  Europe's  ambitions  in  space  and 
proposes· six  action  lines  that  will  guide  the  future  development 
of  its  activities  in  this  field  of  space.  These  action  lines 
concern  R&D  and  also  other  aspects  of  space  relating  to  Community 
policies  or  competences  (industrial,  commercial,  legal,  etc.). 
For  what  concerns  R  &  D,  the  Commission  has  identified  several 
areas  in  which  the  Community  strategy  for  research  .and 
technological  development  CRTDl  could  complement  a~d support  ~he 
research  effort  of  the  space  agencies. 
1.  Improvement  of  the  synergY  between  the  CommunitY  technology 
programmes  and  those  of  the  space  agencies. 
Impl~mentation of  the  new  ESA  progr~mmes  CAriane  v,  Hermes  and 
Col~mbus in  particular)  will  call  for  the  acquisition  of  new 
k~owledge  and  technological  expertise  in  a  number  of  generic 
fields  also  relevant  to  other  industrial  sectors:  information  and 
communications  technologies,  robotics,  advanced  materials, 
aerodynamics,  man-machine  interface,·  reliability  and  safety  of 
complex  systems,  quality  control,  energy  sources,  medical 
sciences  and  technologies,  etc. 
A  comparative  analysis  of  the  technological  requirements  of  the 
ESA  programmes  and  the  objectives  of  the  Community's  research 
programme  shows  many  points  of  convergence.  A  large  number  of 
Community  programmes  are  concerned:  Esprit,  Brite,  Euram,  RACE, 
medical  and  health  research,  radiation  protection,  non-nuclear 
energy~  several  JRC  programmes  and  new  programmes  in  the 
aeronautical  sector  and  on  robotics  in  hostile  environments 
CTelemanl. 
Regular  exchanges  of  information  and  coordination  with  the  ESA 
are  therefore  indispensable  both  at  the  planning  level  and  in  the 
·implementation  of  research  programmes  so  as  to  avoid  duplication 
and  fa~ilitat.e use  by  the  'space  industry  of.  the  technologies 
,devel~ped.Dnder Community  programmes . 
.,.The  space  programmes  also  generate  new  knowledge  and  technologies 
'that  c~uld be  used  by  non-space  industriei. 
The  space.  agencies'  efforts  to  exploit  technological 
opportunities  could  .benefit  from  the  experience  and  support  from 
the  Community  activities  to  promote  technology  transfer  and 
innovation. 
351 3 
~- Space  technologies  and  facilities:  tools  at  the  service  of: 
research. 
-
2.1  Study  of  our  planet:  climate,  environment  and  impact  of 
human  activities. 
Earth  observation  satellites 
information  for  the  development 
study  of  the  impact  of  human 
environment. 
are  a  major  source  of 
of  climate  models  and  the 
activities  on  climate  and 
The  development  of  new  remote  sensing  techniques  and  the 
gradual  establishment·  of  a  world  space  observation  network 
make  it  ~possible to  plan  for  the  systema~ic  study  of  the 
planet  and  its  glob~l  change  Cin  particular  greeohouse 
effect  and  depletion  of  the  ozone  .layer>  leading  to  the 
acquisition  of  knowledge  vital  to  the  more  efficient 
management  of  our  environment  and  of  human  activities. 
Since  this  is  a  problem  that  .has  international  implications 
and  raises  major  issues  for  society,  Europe  must  organize 
itself  so  as  to  play  an  active  and  consistent  role  in 
international  programmes  relevant  to  these  areas  Cin 
particular  the  programmes  Global  Change  and  Mission  to 
Planet  Earth).  It  must  rapidly  define  its objectives  and 
priorities  and  set  up  ~he necesaary  mechanisms  and  resources 
enabling  it  to  participate  on  a  more  even  footing  with  the 
United  States  and  the  USSR. 
being  pursued 
stimulate  and 
to  ensure  that 
missions  and  the 
Consultations  with  the  parties  concerned  are 
to  define  the  appropriate  modalities  to 
coordinate  efforts at  European  level  and 
there  is  a  proper  balance  between  space 
require~ents of  the  scientific  community. 
2;1  Microgravity:  encouraging  preparations  for  the  use  of  the 
orbital  infrastructure 
Like  the  United  States  and  Japan,  Europe  is  spending  large 
amounts,  mainly  within  the  ESA,  on  setting  up  an  orbital 
infrastructure  which  will  greatly  increase  the 
o~portunities  for  mic~ogravity  experiments,in  particular, 
in  the  fields  of  advanced  materials  and  biotechnology. 
The  ESA  activities are  fo6used  essentially  on  the  financing; 
a  major  additional  effort  is  therefore  needed  to  prepare  for 
the  use  of  this  experimental  potential . 
. Under  existing  research  programmes  the  Commission  intends  to 
encourage  a  few  collaborative  projects  that  will  bring 
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subjects.  At  the  same  time  it  will  continue  its 
consultations  with  the  ESA  and  other  parties  concerned  in 
order  to  determine  more  precisely  the  priority  objectives 
and  procedures  for  a  possible  Community  programme,  on  a 
wider  and  more  ambitious  scale,  that  would  complement  the 
a~tivities of  the  ESA  and  the  Member  States. 
3 ..  Research  and  development  to  promote  applications  of  space 
systems 
3.1  Earth  observation 
The  Community  is  already  active  in  this  field  with  the  JRC's 
remote  sensing  programme  which  covers:  research  and 
development  on  methods  and  techniques  for  the  interpretation 
of  space  data,  pilot projects  to  demonstrate  applications 
useful  to  the  implementation  of  Community  policies 
(agriculture,  aid  to  development,  environment>  and  training. 
The  Commission  intends  to  broaden 
only  for  the  requirements  of  its 
contribute  to  ensuring  the  optimal 
sensing  techniques  in  general. 
Additional 
particular: 
actions  considered 
and  expand  its efforts  not 
own  policies  but  also  to 
exploitation  of  the  space 
necessary  include  in 
- to  stimulate  ·through  shared-cost  projects,  European 
cooperation  and  coordination  in  R&D  on  methods  and 
techniques  for  protessing  and  interpreting satellite 
data  with  particular  attention  to  the  needs  of  the 
users. 
- to  promote  ,  in  cooperation  with  the  space  agencies, 
the  establishment  of  European  experimental  facilities 
Cin  particular  airborne  sensors>  needed  to  prepare  for 
the  use  of  data  produced  by  new  types  of  sensors. 
3.2  Telecommunications 
Through  its  R&D  activities  the  Commission  will  help  to 
promote  the  development  of  applications  of  satellite 
systems,  whether  under  the  RACE  programme  Cdevelopment  of 
ie~hnologies  for  a  pan-European  integrated  broadband 
telecommunications  network>,  the  new  Delta  programme 
Cdistance  learning  applications>  or  specific  projects 
concerning  the  adaptation  of  ground  equipment  to  the  Third 
World  Market. 
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354 Nov.  1988 
S  i  T  IN  BELGIUn 
1.  General  policy objectives. 
At  the  beginning  of  1986  the  ninister for  Science  Policy  declared 
that  spending  level  of  Belgium  for  R&D  activities  compared  with 
the  G.D.P.  was  insufficient  and  Belgium  had  to  catch  up  with  its 
neighbours  and  mainly  with  its closest  neighbour  :  Netherlands. 
Since  that  time  the  situation  has  changed  somewhat  and  the 
emphasis  is  more  on  the  means  and  incentives  to  encourage 
industry  to  increase  its  investments  in  R&D  activities  rather 
than  increasing  the  public  budget  for  research.  Public  financing 
should  become  more  selective  in  choosing  research  programmes  to 
support  national  public  investment  programmes.  However, 
fundamental  research  will  be  the  subject  of  increased  attention. 
A  numb~r  of  measures  have  been  devised  to  streamline  the  whole 
structure  of  the  public  financed  R&D  including  drafting  a  new 
statute  for  government  researchers. 
Another  topic  of  science  policy  is  increased  Belgian 
participation  in  European  research  programmes. 
2,  priorities, 
In  the  period  from  1983  to  1986~  the  following  were  regarded  as 
priority  areas  for  ~rojects  designed  to  "mobilize"  Belgium's 
industrial  and  scientific potential  : 
- data  processing; 
-aero-space  (E.S.A.  activities  and  new  airli~ersl; 
- new  materials; 
- microelectronics  (mainly  introduction  of  microelectronics  in 
snE>; 
- telecommunications; 
-oceanography  (pollution control). 
In  these  fields,  special  attention  was  paid  to  possible  ways  of 
"integrating national  initiatives within  the  framework  of  a  common 
European  approach. 
In  the  period  since  1986,  more  emphasis  was  put  in  "stimulation" 
programmes  and  these  relate,  among  others,  to  : 
- artificial  intelligence; 
- life sciences. 
R&D  activities  in  space  sector  have  also  increased. 
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The  following  table  gives  some  hints  of  the  shift  in priorities 
in  Government  funded  research. 
Breakdown  of  provisional  RiD  bydgets  by  objectives  in  1986  and  1987  !\!. 
Objectives  Provisional  budgets 
1986  1987 
Exploration  and  exploitation of  the  earth  2.5  3  ·. 1 
Infrastructures and  general  land-use  planning  0.6  0.7 
Control  of  environmental  pollution  2.4  2.2 
Protection· and  improvement  of  human  health  2. 1  3.0 
Production,  distribution and  rational 
utilization of  energy  10. 1  9.5 
Agricultural  productivity  and  technology  7.2  7.6 
Industrial  productivity  and  technology  16.2  1 2. 8 
Social  structures  and  relationships  0.7  0.5 
Exploration  and  exploitation of  space  7.3  9.8 
Research  financed  from  general  university  funds  22.8  22.3 
Non-oriented  research  20.5  23.6 
Other  research  6. 1  3;8 
Total  financin9  of civil  RiD  98.5  98.9 
Defence  1 . 5  1 . 1 
Total  financing  100.0  100.0 
Source  EUROSTAT  Government  financing  of  RiD  in  Community  countries. 
3.  Implementation. 
3.1.  Legal  framework  and  institutional  mechanisms. 
For  the  Government  funded  research,  different  Ministries, 
concerned  with  R&D  activities,  supply  the  Interministerial 
Committee  for  Science  Policy  with  their  budget  proposals  which 
are  presented  in  an  annual  "programme"  through  the  Minister  for 
Science  Policy.  The  final  decision  on  this  "programme"  is 
eventually  taken  by  the  Ministerial  Committee  for  Science Policy. 
The  Minister  for  Science  Policy  Calso  Deputy  Prime  Minister  and 
Minister  for  the  Budget)  plays  a  coordinating  role  within  the 
government  with  regard  to  scientific.  and  technological 
development.  However,  coordination  does  not  extend  to  whole 
"science budget"  because  a  significant part  of  this budget  is the 
direct responsibility  of  the  different  Ministerial  Departments 
concerned. 
It must  be  noted  that  a  recent  law  <August  19881  sets  up  federal 
structures  for  the  Belgian  State  and  a  part  of  the 
responsibilities in  the  formulation  of  science  policy  is shared 
among  the  regions,  the  linguistic  communities  and  to  national 
authority.  Nevertheless,  responsibility  for  Community  and 
international  R&D  activities rests  with  the  national  authority. 
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3.2.  Strategy  and  research  bodies. 
The  five 
current 
policy  : 
following 
strategy  for 
"action  lines"  are  another  element  in  the 
the  implementation  of  Belgian  science 
1.  Increased  support  for  fundamental  research; 
2.  Increased  cooperation  betwe~n universities  and  industry; 
3.  Promotion  of  greater private sector  investment  in  R&D  through 
State "incentives"; 
4.  Large  scale  coordination  of  public  authority  involvement  in 
science  policy; 
5.  Maximum  encouragement  of  participation  in  international 
projects. 
Among  the  most  important  bodies  implementing  RD  activities,  other 
than  University  research  institutes are  the  following  : 
- F.N.R.S.  National  Funds  for  Scientific  Research  (fundamental 
research>; 
- I.R.S.I.A.  Institute  for  the  encouragement  of  scientific 
Research  in  Industry  and  in  Agriculture  <applied  research>; 
- C.E.N.  Centre  for  Nuclear  radioelements. 
- I.R.E.  Institute  for  radioelements. 
4.  National  Resources. 
4.1.  personnel  <1> 
Exact  figures  for  R&D  personnel  are  not  available  for  recent 
years.  It is  estimated  that  : 
Total  R&D  personnel  Cfull  time  equivalent  f.t.e.l 
32,000  units  <1983> 
about 
About  10,000  units  C1985>  are  scientists or  engineers  employed  by 
industry. 
New  administrative  measures  are  being  prepared  to  give  scientists 
opportunities  to  move'from  university  to  private  industry  without 
jeopardising their  career. 
4.2.  Financial  means  <2> 
Government  financing  of  R&D  in  1987 
budget> 
<1>  Source  SPPS  (1988). 
<2>  Source  OSCE  C1988) 
673.2  Mio  ECU  <provisional 
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Defence  R&D  as~  of  total  R&D  Government  appropriations:  1.1  ~ 
(1987) 
Gross  domestic  Expenditure  for  R&D  CGERD> 
Cest.>  (1985> 
5.  International  cooperation. 
1,542.6  Hio  ECU 
Senior  officials  in  charge  of  S&T  research  state  that 
participation  in  present  and  future  European  cooperation  in  the 
field  of  RTD  is  a  priority  element  in  Belgian  research  policy. 
So,  the  commitment  of  Belgium's  potential.  to  programmes 
implemented  by  European  communities  or  to  EUREKA  (Belgium 
participates  in  27  EUREKA  projects,  as  of  01.07~19881  will 
necessitate  the  allocations  of  appropriate  resources  at  national 
level. 
Belgium  is  represented  in  almost  all  international  research 
organizations  CCERN,  EHBO,  ESA,  Airbus  330-3401. 
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S  & T  IN  DENMARK. 
1.  General  policy objectives. 
Science  and  Technology  has  been  a  top  priority  area  since  the 
mid-1980s  in  Denmark.  Public  Research  &  Development  spending 
increased  in  the  1980-86  period  by  about  8  ~  per  year  C1980  = 
100),  one  of  the  highest  trends  in  the  Community.  The  aim  is  to 
have  a  global  national  Research  & Development  Expenditure  of 
2.28  ~ of  GOP  by  the  year  2000. 
In  1985  total  R&D  expenditure  CGERD>  amounted  to  about  1.26  ~  of 
the  GOP.  This  placed  Denmark  in  the  category  of  the  EC  Member 
States with  a  medium  degree  of  R&D  spending  per  capita  Cat  the 
same  level  as  Italy,  for  example>  but  in  a  better position  than 
Ireland,  Spain,  Portugal  and  Greece. 
R&D  is performed  in  the  business  sector  css  ~>.  the  higher 
education  sector  C24  ~>  and  in  public  institutes  C21  ~)  Cwith 
reference  to  R&D  expenditure  1985  figures>.  The  trend  in  R&D 
execution  indicates,  like  the  trend  in  R&D  funding,  a  shift 
towards  the  business  sector. 
The  policy  objective  with  respect  to  research  at  universities  and 
other  institutions  of  higher  education  is  to  maintain  freedom  of 
research  and  a  large  measure  of  autonomy,  but  at  the  same  time 
changes  are  desired  in  the  research  and  teaching  world.  To  great 
extend,  this  demand  for  change  is  reflected  in  budget  planning 
and  in  terms  of  appropriations. 
2.  Priorities. 
The  Government  intends  to  increase  the  collaboration  between  the 
relevant  technical  bodies  at  home  and  abroad,  and  to  put  more 
emphasis  on  concentrated  inputs  into  developments  areas  with 
promising  short  or  long  terms  economic  prospects. 
The  newer  initiatives  include 
- Encouragement  of  collaboration  between  enterprises  and  centres 
of  expertise  in  long-term  technological  development  with 
government  co-financing  of  co-operative  industrial  projects: 
- Implementation  of  co-ordinated  development  progr~mmes  in  areas 
vital  to  Danish  trade  and  industry  which  call  for  a  concerted 
inter-ministerial  effort  and  comprehensive  government 
initiatives  in  support  of  basic  research  and  technological 
development  and  diffusion. 
Emphasis  will  be  put  on  : 
- Improvement  of  researcher  training  and  strategic  research 
planning; 
- Increased  coordination  and  priority  setting  in  the  overall 
effort  aimed  at  urban  activities; 
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- Statements  on  agricultural  and  fisheries  policies  emphasize  the 
!~creasing  degree  to  which  primary  production  induitries  are 
dependent  on  development  efforts  in  the  processing  industry. 
The  technology  orienteq  R&D  is  mainly  concentrated  in  the 
manufacturing  sector  which  accounts  for  20  4  of  the  country's 
GDP.  In  the  field  of  high  technology,  priority  has  been  given  to 
the  following  topics  :  Inf6rmation  Technology,  Materials  Research 
and  Basic  Biotechnological  R&D. 
The  break  down  of  the  public  R&D  funding  by  groups  of  objectives 
indicates  the  priorities of  the  Government. 
Breakdown  of  provisional  R&D  bydgets  by  obiectiyes  in  1986  and  1987  (%1. 
Objectives  Provisional_  budgets 
1986  1987 
Exploration  and  exploitation of  the  earth  1 , 3  1 , 5 
Infrastructures  and  general  land-use  plannin9  2.4  2. 3 
control  of  environmental  pollution  1 . 5  1 , 3 
Protection  and  improvement  of  human  health  3.3  4. 8 
Production,  distribution  and  rational 
utilization of  ener9y  6.7  4, 4 
AC,Jricultural  productivity  and  technology  - 7.0  8.5 
Industrial  productivity  and  technology  20.6  1 6, 2 
Social  structures  and  relationships  4.3  3, 6. 
Exploration  and  exploitation  of  space.  3, 1  2.6 
Research  financed  from  general  university  funds  29.5  32. 1 
Non-oriented  research  19.7  22.3 
Other  research  0.1  -
--
Total  financing  of  civil  R&D  99.5  99.6 
--
Defence  0.5  I  0.4 
Total  financing  100.0  100.0 
--c--
Source  EUROSTAT  Government  financing  of  R&D  in  Community  countries. 
3.  Implementation 
Research  in  tienm~rk  is  mainly  the  responsibility  of  the  Ministry 
of  Education  and  Research.  The  Ministry  of  Industry  is 
responsible  for  technological  development  in  trade  and  industry. 
In  fact  each  ministry  has  responsibility  for  supporting  research 
related  to  its  functions  (agriculture,  energy,  etcl.  The 
coordination  is  assured  by  the  Ministry  of  Education  and 
Research.  The  Researth  Directorate  within  this Ministry  is  also 
responsible  for  the  coordina~ion  of  the  Danish  participation .to 
the  EC  Research  and  Demonstration  Programmes,  and  to  OECD  in  the 
field  of  SIT. 
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The  trend  in  R&D  funding  is  shifting,  as  in  most  EC  Kember 
States,  to  more  industrial  financed  R&D.  At  present,  the  business 
sector  funds  about  49  ~  of  the  country's  GERD.  This  places 
Denmark  among  those  Kember  States  where  the  business  sector's 
contribution  to  the  global  national •  Research  &  Development 
spending  is  highest.  Only  in  the  FR  of  Germany  and  in  the 
Netherlands  the  share  of  this sector  was  higher  in  1985. 
In  Denmark  there  are  no  giant  manufacturing  enterprises  which  can 
provide  a  "technical  drive"  as  in  most  European  countries.  The 
manufacturing  industry  is dominated  by  enterprises  of  small  and 
medium  size  by  international  standards.  Only  about  80 
manufacturers  have·a  workforce  of  more  than  500. 
The  national  objective  of  industrial  research  policy  is  to 
develop  and  diffuse  new  technologies  to  these  rather  small 
industries  through  a  service  network,  development  programmes  and 
co-financing. 
The  Developing  Fund  and  Government  product  Development  Grants  are 
the  two  schemes  which  jointly  administer  the  part  of 
technological  promotion  policy  devoted  to  the  co-financing  of 
enterprise  development  activities. 
' 
In  1986,  the  commitments  through  these  schemes  amounted  to  314 
Kio  DKr  (about  40  KECUl  .and  171  Kio  DKr  <about  21  KECU> 
respectively.  The  sum  of  the  two  schemes  represent 
approximatively  half  the  total  R&D  costs  of  the  Danish  trade  and 
industry. 
Tax  Incentiyes  are  additional  instruments  to  promote  industrial 
RID  and  innovation.  According  to  a  tax  law  from  july  1981  costs 
of  research  can  be  deducted  from  taxable  income.  A  new  tax  law 
from  December  1987  provides  for  a  125  ~  tax  deduction  for 
expenditures  in  the  framework  of  the  participation  in  BRITE, 
RACE,  ESPRIT  and  EUREKA. 
4.  National  Resources. 
4.1.  Human  Resources  C1l 
The  total  of  R&D  workers  in  Denmark  in  1985  was  about  20,000 
<full  time  equivalent),  broken  down  as  follows  :  researchers 
43  ~.  technicians  and  ~thers 57  ~. 
The  industrial  sector  employed  about  50  ~.  the  higher  education 
sector  and  the  Government  institutions about  25  ~  each. 
The  number  of  researchers  per  1000  labour  force  equals  to  3.1 
(1985). 
<1)  Source  Danish  research  administration  and  OECD. 
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4.2.  Financial  Resources. 
The  Danish  R&D  funding  in  1985  showed  the  following  break  down 
Business  sector  :  3,759  Mio  DKr  469  Mio  ECU  49  ~ 
Government  funds  :  3,567  Mio  DKr  445  Mio  ECU  46  X 
Other  fund 
I  366  Mio  DKr  45  Mio  ECU  5  X  . 
-~ 
Total  7,692  Mio  DKr  959  Mio  ECU  100  X 
Source  :  Danish  Research  Administration. 
The  national  R&D  budget  amounted  to  4,036  Mio  DKr  Cabout  509  Mio 
ECU>  in  1986.  This  corresponded  to  a  ratio  of  the  national  R&D 
budget  to  the  national  budget  of  1.55  X.  The  Government 
appropriated 0.4  ~of the  national  R&D  budget  to  defence  R&D 
(1986)  (1). 
The  financial  contribution  towards  the  R&D  Expenditure  in  the 
public  sector  in  1985  came  mainly  from  the  Ministry  of  Education 
and  Research  C54  ~>.  the  Ministry  of  Agriculture  ca  X>  and  the 
Ministry  of  Energy  C7  X>  C2>. 
For  R&D  promotion  in  Danish  industry  the  Ministry  of  ~ndustry 
provided  roughly  1/4  of  the  public  R&D  expenditure.  Estimates  in 
the  1987  Finance  Act  indicate  1,050  Mio  DKr  Cnearly  135  MECU>  for 
this  purpose  C3l. 
5.  International  Cooperation. 
Danish  research  and  technology  relies  on  the  accessibility of 
results,  regardless  of  source,  and  are  dependent  on  wide 
international  co-operation  among  researchers,  institutes  and 
lab6ratories  irrespective of  nationality.  About  5  X  C225  Mio  DKr 
·or  32  MECUl  of  the  ~ational Research  & Development  resources  are 
attributed  to  the  participation  in  international  co-operation 
including  the  EC  Research  & Development  programmes.  Furthermore 
the  participation  in  the  Nordic  research  co-operation  is  of  great 
interest  to  the  country. 
The  EUREKA  scheme  was  highly  welcomed  by  Denmark.  The 
Government's  Action  Plan  earmarks  110  Mio  DKr  Cabout  14  MECUl  for 
participation  in  the  period  1986-1990.  Denmark  participates  in  27 
of  the  213  EUREKA  project  (situation as  of  01.07.1988>. 
C1l  Source  OECD. 
C2)  Source  Danish  research administration. 
C3>  Source  OECD. 
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S  i  I  POLICY  IN  FRANCE 
1.  Objectives. 
The  Government's  Research  Policy  can  be  summarized  as  follows 
- priority  to  industrial  research  : 
- to  maintain  and  even  increase,  in  volume,  the  means  for  basic 
research  ; 
- to  encourage  or  develop  collaboration  between  fundamental  and 
applied  research  : 
- to  encourage  the  involvement  of  the  entire  industrial  sector  in 
the  national  research  effort  ; 
- to  provide  a  reasonable  support  to  the  "grands  programmes"  of 
technical  development  ; 
- to  promote  the  development  of  european  co-operation. 
During  recent  years,  there  has  been  an  increase  in  R&D  financing 
as  percentage  of  GDP  from  2.01  in  1981  to  2.31  ~  in  1985  and  the 
target  is  to  reach  3  ~  by  1990.  In  France  research  has  been 
des~gnated as  a  national  priority. 
2.  priorities. 
The  on-going  programmes  give  a  clear  indication  of  the  prevailing 
priority choices. 
Programmes  are  of  two  main  types  :. 
- technological  development  programmes  (PDT>  with  the  objective 
to  achieve  large  technological  goals  in  nuclear  energy,  space 
aeronautics,  telecommunications,  electronuclear  equipments: 
- natio~al programmes  which  regroup  the  actions  of  the  Research 
and  Technology  Funds  (FRT>  and  aim  to  promote  the  difftising  of 
basic  technologies  through  many  industrial  branches. 
The  national  programmes,  which  are  subdivided  in  thirty-three 
priority research  actions,  are  the  following  : 
- Biotechnology 
Alimentation 
Medical  research 
Human  and  social  sciences 
Technology  and  production 
Electronics 
Research  on  land  use  & Transports 
Natural  resources 
New  materials 
New  chemistry 
Research  for  development. 
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Breakdown  of  provisional  R&D  budgets  by  obiectives  in  1986  and  1987  !Xl. 
Objectives  Provisional  budgets 
1986  1987 
Exploration  and  exploitation  of  the  earth  1 . 5  I  . 4 
Infrastructures  and  general  land-use  planning  3.2  3.2 
Control  of  environmental  pollution  0.5  0.4 
Protection  and  improvement  of  human  health  3.8  3.6 
Production.  distribution  and  rational 
utilization of  energy  7. 1  6.7 
Agricultural  productivity  and  technology  3.6  3.6 
Industrial  productivity  and  technology  I 2. 1  10.6 
Social  structures  and  relationships  2.9  2.7 
Exploration  and  exploitation of  space  5.8  5.9 
Research  financed  from  general  university  funds  1 l  . 8  12.0 
Non-oriented  research  1 5. 1  14.7 
Other  research  l.  6  1 ' 1 
Total  financing  of  civil  R&D  69.0  65.9 
--
Defence  31.0  - 3 4. 1 
Total  financing  100.0  100.0 
Source  :  EUROSTAT  Government  financing  of  R&D  in  Community  countries. 
3.Implement@tion. 
3.1.  Legal  Framework  and  Institutional  Mechanisms 
Each  year,  the  R&D  national  policy  in  France  is described  in 
great details  in  a  report  entitled  "The  State  of  Research  and 
Technological  Development"  annexed  to  the  annual  Budget  CProjet 
de  Loi  de  Finance>. 
Since  June  1988,  a  new  Ministry  for  Research  and  Technology  CMRTl 
has  been  created  who  is  responsible  for  the  S&T  policy.  The  Space 
policy  is under  the  Ministry  of  Post,  Telecommunications  and 
Space.  Other  Ministries  have  also  an  important  role  in  animating 
scientific  and  technical  activities.  Coordination  is  assumed  by 
MRT  through  the  procedure  of  the  establishment  of  the  Civil 
Budget  for  R&D  CBCRDl. 
3.2.  Decentralization 
Among  the  several  actions  to  promote  decentralization,  one  can 
mention  the  following 
- The  "Contrats  de  plan  Etats-Regions",  as  well  as  joint 
agreements  linking  national  research  insti~utes  with  the 
regions,  have  been  devised  to  bring  the  decision  making  closer 
to  the  periphery.  The  central state  remains  however  the  prime 
mover. 
- The  number  of  regional  innovation  and  technology  transfer 
centres  CCRITTsl  has  been  increased.  Their  activities mainly 
concern  areas  which  are  essential  to  the  development  of  the 
regional  industrial  structure  of  small 'and  medium-sized  firms. 
Some  of  the  main  actors  for  a  concerted  regional  policy  are 
- Regional  Delegates  for  Research  and  Technology  CDRRT>  with  a 
role  to  provide  information  and  promote  awareness  of  the 
regions  concerning  the  national  policy;  to  co-ordinate  research 
and  technological  development  activities at  regional  level;  to 
organize  the  technology  transfer;  to  encourage  the  diffusion  of 
scientific  and  technical  culture  and  information; 
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- The  representation  of  research  organisms  in  the  regions. 
'The  principal  research  organisms  have  been  endowed  with 
representatives  in  the  regions  in  order  to  facilitate  the 
dialogue  between  the  different  research  partners. 
3.3  Industrial  Research 
Industrial  research  in  France  as  compared  to  public  research  has 
not  yet  reached  a  level  similar  to  its main  competitors,  not  only 
in  terms  of  research  financing  by  the  companies,  but  also  in 
terms  of  the  share  they  are  taking  in  research  execution.  This  is 
due  to  the  fact  that  in  France  the  public  research  centres  have  a 
long  tradition  of  being  the  main  research  actors  and  as  such  they 
continue  to  weigh  heavily  in  the  overall  national  R&D  structure. 
In  1986,  43  ~  of  the  GERD  was  financed  by  the  enterprises  as 
opposed  to  57  ~  by  the  administrations  and  58  ~  of  the  GERD  was 
performed  by  the  enterprises  as  opposed  to  42  ~  by  the 
administrations.  The  largest  share  of  the  increase  in  industrial 
expenditures  on  R&D  came  from  big  national  enterprises  and  high 
technology  groups. 
ANVAR  has  the  mission  to  help  companies  to ·take  more  benefit  from 
the  results  of  technological  development  programmes,  and  will 
more  and  more  favour  small  and  medium  size  companies  <for  which 
it devoted  80  ~  of  its credits  in  1987)  as  well  as  the  creation 
of  new  enterprises. 
Loans  on .favorable  terms  provided  mainly  by  the  ANVAR  should  help 
set  up  applied  and  goal  oriented  Research  programmes  with  ~he aim 
to  develop  collaboration  between  the  various  bodies  involved  : 
public  research  establishments,  industry  or  firms  in  the  services 
sector,  technical  centres  and  research  companies  under  contract. 
Such  programmes  should  make  it possible  to  allocate  public  funds 
to  sectors  in  which  the  need  for  strong  research  stimulation  is 
being-felt. 
3.3.1.  Direct  Support  to  Industrial  Research 
Direct  support  goes  through 
"Fonds  de  la  Recherche  et  de 
to  basic  technology,  the 
technology". 
thematic  programmes  funded  by  the 
la Technologie  - FRT"  mainly  devoted 
so-called  "generic"  or  "diffusing 
There  has  been  a  significant  increase  in direct  aid  to  industrial 
research  granted  in  the  form  of  subsidies  or  repayable  aids  which 
the  State  or  its  public  establishments  tend  to  give  for 
innovation  projects  or  research  presented  by  industrialists. 
3.3.2.  Indirect Support 
The  tax  credit  in  favour  of  research  consists  of .a  reduction  in 
income  tax  of  enterprises  representing  50  ~  of  the  increase  in 
volume,  from  one  year  to  the  next,  in  their  R&D  effort,  with  a 
ceiling of  5  millions  F. 
In  1988,  this ceiling  of  5  millions  francs  will  be  raised  to 
10  million.  francs  in  cases  where  the  enterprises  present  a 
research  programme  in  collaboration with  a  university,  a  research 
centre,  or  another  enterprise. 
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ANVAR  has  proposed  for  Small  M~dium Enterprises  CSKEl  a  financial 
aid  in  hiring  high  level  researchers.  For  each  researcher  hired, 
the  SHE  will  receive  150,000  F  <22,000  ECUl,  half  of  it at  the 
moment  of  recruitment  and  the  rest  one  year after hiring. 
3.4.  Research  Training 
The  French  government  has  devised  the  following  mechanisms 
Research  grants  financed  directly  by  the  previous  ministry 
responsible  for  Research  and  higher  Education 
- Aids  for  training  financed  directly  by  public  research 
organisms 
- Industrial  agreements  for  training  by  research  CCIFREl 
- Centres  for  the  technology  training of  engineers  by  research 
4.  National  Resources 
4.1.  Human  Resources  C1l 
In  1985,  there  were  273.014  people  (full  time  equivalent)  working 
in  Research,  from  which  102.336  researchers. 
4.2.  Financial  Resources  C2> 
Gross  Domestic  Product  CGDPl  674.8  Billion  ECU  Cat  current 
prices  and  exchange  rates  C1985l 
Gross  Domestic  Expenditure  for  R&DCGERD>:  15,587.4  Hio  ECU  C19B5> 
GERD  I  GDP  : .2.31  %  C1985l 
R&D  Budget  10273.1  Kio  ECU  (1986)  C3l 
R&D  Budget  1  National  Budget  6.34  X  C1986l 
In  1986,  43  X  of  GERD  was  financed  by  enterprises.  This  figure  is 
considered  low  as  compared  to  FRG  and  Japan  and  that  is  the 
reason  why  the  strengthening  of  industrial  research  figures  among 
the  top  priorities of  the  French  government. 
In  1986,  the  R&D  financing  for  research  in  Defence  represents 
32.5  % of  the  total  R&D  government  appropriations. 
5.  International  Cooperation. 
France  participates  in all  the  programmes  included  in  the  E.C. 
framework  Programme. 
A  great  importance  is  also  attached  to  the  International  co-
operation  in  R&D.  Under  a  French  impulse,  three  international 
initiatives  have  so  far  been  launched  ~ 
the  International  Co-operation  in  the  domain  of  Technology, 
Growth  and  Employment  CTGEl  <Versailles  1982),  the  EUROPEAN 
NETWORKS  CCouncil  of  Europe,  Paris  1984)  and  EUREKA  CJuly  19851. 
France  participates  in  105  EUREKA  projects  Cas  of  01.07.1988). 
Among  European  cooperation  in  which  France  participates,  the 
following  can  be  mentioned  C.O.S.T.;  CERN;  ESA,  THE  EUROPEAN 
SYNCHROTRON  RADIATION  FACILITY  CE.S.R.F.)  and  other  heavy 
equipments; ... 
<11  Source  Projet  de  Loi  de  Finances  pour  1988. 
C2l  Source  OCDE 
C3l  Source  OSCE  366 Nov.  1 988 
S  i  I  IH  THE  FEDERAL  REPUBLIC  OF  GERMANY. 
1.  General  policy objectives. 
Science,  research  and  technological  development  are  a  mainstay 
of  the  German  economy's  innovative  capacity.  The  orientation  of 
the  S  & ·T  policy  in  the  Federal  Republic  of  Germany  is directed 
by  the ,following  closely  interrelated precepts 
. - adherence  to  the  principle  of  "freedom  of  research"  and 
promotion  of  individual  initiative; 
- accordance  with  the  principle  of  "subsidiary  funding";  the 
Government  therefore  acts  with  restraint  vis-a-vis  R&D  in 
industry  and  acknowledges  "entrepreneurial  self-reliance"; 
- a  positive  attitude  to  technological  progress  and  economic 
growth. 
The  country's  gross  domestic  Expenditure  on  R&D  CGERD>  was  2.66  X 
of  GOP  in  1985.  Estimates  for  1987  indicate  a  GERD  of  2.8  X  of 
GOP.  These  figures  are  very  close  to  the  comparable  indicators 
of  Germany's  main  competitors  on  the  world  market  USA  and  JAPAN 
and  ranks  it in  first  place  amongst  its partners  in  the  EC. 
2.  priorities. 
In  accordance  with  the  guidelines  and  objectives  the  Federal 
Government  will  focus  on  the  following  fields  : 
Increased  promotion 
by  the  Federal  and 
agreements. 
of  basic  research  through  joint financing 
Lander  governments  according  to  existing 
Expansion  of  "preventive"  research  <particularly 
health,  climate  research>. 
ecology, 
Promotion  of  ~esearch and  subsidiary  funding  of  industry  in 
the  area  of  market-oriented  technologies  pa~ticularly 
- information  technologies  and  roaterials 
- the  completion  of  the  Airbus  family; 
- biotechnology  with  emphasis  on 
molecular  biology  and  regenerative  raw 
- selected  physical  technologies 
technology>; 
- regenerative  energy  technologies. 
research; 
genetic  engineering, 
materials; 
<laser,  thin-film 
Improvement  of  the  basic  conditions  for  introduction  of 
innovations  in  small  and  medium-sized  companies. 
Strengthening  of  areas  of.  research  with  long-term  prospects 
Cnuclear  fusion,  polar  research,  space  research>. 
Expansion  and  intensification of  international  cooperation. 
Research  and  responsible  discussion  about  the  impact  and 
implication  of  technology. 
367 2 
The  percentage  break  down  of  the  public  R&D  funding  in  groups  of 
objectives  indicates  the  priorities  which  are  attributed  by  the 
Government. 
Breakdown  of  provisional  R&D  budgets  by  ob1ectiyes  in  1986  and  1987  !\!. 
Objectives  Provisional  budgets 
1986  !987 
Exploration  and  exploitation  of  the  earth  2, I  I  . 9 
Infrastructures  and  general  land-use  planning  I.  9  1 0  9 
Control  of  environmental  pollution  3.3  3.3 
Protection  and  improvement  of  human  health  3.0  3.2 
Production,  distribution  and  rational 
utilization of  energy  10.5  11.7 
Agricultural  productivity  and  technology  2.0  2.0 
Industrial  productivity  and  technology  1 4  0  3  I 5. 3 
Social  structures  and  relationships  2.3  2.3 
Exploration  and  exploitation  of  space  4.5  4.9 
Research  financed  from  general  university  funds  31  . 8  31  0  5 
Non-oriented  research  11 . B  I 2. 3 
Other  research  0. 1  0.2 
Total  financing  o.f  civil  R&D  87.6  87.5 
Defence  12.4  I 2. 5 
Total  financing  100.0  100.0 
Source  :  EUROSTAT  Government  financing  of  R&D  in  Community  countries. 
3.  Implementation. 
The  responsibility  for  the  German  S/T  policy  is partly with  the 
Lander  Governments,  which  are  responsible  for  the  universities 
and  their  R&D,  and  with  the  Federal  Government  mainly  with  the 
Federal  Ministry  for  Research  and  Technology  CBHFT>  which  directs 
the  non-university  R&D. 
In  laying  down  the  guidelines  for  its policy  the  Government  is 
supported  by  independent  institutions  like  the  Germ~n Research 
Society  CDFG>,  and  the  Hax  Planck  Society  CHPG>.  The  link  between 
science  and  industry  is  provid~d by  the  Fraunhofer  Society  CFhG>. 
Research,  development  and  innovation,  which  today  form  the  major 
part  of  R&D  expenditure,  are  considered  as  fundamental  and 
necessary  tasks  of  the  firms.  There  is  agreement  between 
government  and  industry  th~t  disadvantages  in  international 
competition  cannot  be  overcome  by  government  financing.  The 
appropriate  efforts  have  to  be  made  by  the  firms  themselves,  the 
government's  R&D  policy  having  the  task  of  creating  an 
environment  for  private  innovation  that  is  conducive  to 
performance  and  growth. 
Particular  importance  however  is attached  to  the  role  of  the  SHEs 
which,  in  the  Government's  view,  are  an  important tactor  for  the 
performance  and  competitiveness  of  German  industry. 
The  promotion  of  R&D 
reductions  is  based 
content  of  the  R&D 
development  of  these 
industry  over  the  last 
1 n  industry  by  ~i  .un..,.duiur..,;e.....,c_,.t.___,m...,.,e,.,a...,s  ...  u..,r,_e,.,..s-""a  ....  n...,d~·  ...  t..,a""x.._ 
on  incentives,  but  the definition  of  the 
is  left  to  the  firms  themselves.  The 
appropriations  and  tax  concessions  to 
years  gives  the  following  pictures  : 
368 3 
Year  1983  1984  1985  1986  1987* 
Global  Government  Hio  DH  852  982  , ',  8 5  1 '2  58  ,  '  ,  3 9 
contributions  Hio  ECU  375  439  532  591  550 
Source  :  Bundesbericht  Forschung  1988  CBUFO>  •  :  estimates 
The  promotion  of  R~D  in  specific  areas  of  technology  or  of 
product  groups  focused  mainly  on  microelectronics,  manufacturing 
techniques,  microperiphery  components  and  biotechnology.  The 
development  of  this  spending,  the  so  called  indirect  specific 
financing,  are  as  follows  : 
Year  1983  1984  1985  1986  1987* 
Global  Government  Hio  DH  1 51  1 61  133  135  , 1 7 
spending  Hio  ECU  66  72  60  63  57 
-- . 
Source  :  BUFO  1988  •  ·  estimates 
4.  National  Resources. 
4.1.  Human  Resources  (J) 
... 
The  number  of  researchers  per  1000  labour  force  equalled  to  4.8 
in  1983.  The  total  of  R&D  workers  in  the  Federal  Republic  of 
Germany  in  1985  was  398,328  (full  time  equivalent>,  broken  down 
as  follows  :  researchers  36·~.  technicians  30  ~.  others  34  ~-
The  industrial  sector  employs  by  far  the  largest part  of  the  R&D 
personnel  (about  2/3)  of  which  34  ~  are  researchers  and  31.4  ~ 
technicians.  An  increase  of  10.3  ~  of  the  R&D  personnel  was 
registered  between  1983  and  1985  in  this  sector. 
In  the  other sectors  the  researchers  form  the  greatest  part  of 
the  R&D  staff.  In  the  universities  42.7  ~  are  researchers  but 
this  figure  was  slightly decreasing  between  1983  and  1985. 
4.2.  Financial  Resources  (2) 
The  national  R&D  budget  amounted  to  21,375  Hio  DH  (10,049  Hio 
ECU>  in  1986.  This  corresponded  to  a  ratio  of  the  national  R&D 
budget  to  the  national  budget  of  4.2  ~.  The  Government 
appropriated  12.4  ~  of  the  national  R&D  budget  to  defence  R&D 
(1986). 
( 1 >  Source  BUFO. 
c  2)  Source  OECD  (provisional  data>. 
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The  country's  R&D  expenditure  has  increased substantially  in 
recent  years,  mainly  th~  industry's  part  (61  ~  of  the  total -R&D 
expenditure  in  1987).  The  tables  below  indicate  the  development 
over  the  last years. 
R&D  expenditu~e  sha~e by  financing  sectors. 
1981  1983  1985  1986  1987 
Federal  Government 
As  t.  of  total  R&D  spending  26.-3  25.9  24.6  24.0  24.3 
Linder  Governments 
As  l'.  of  total  R&D  spending  16.2  14.7  13.7  13. 5  1 3. 4' 
Industry 
As  t.  of  total  R&D  spend1n9  56.1  57.9  60.3  61.1  61 .o 
Private  non-profit  inst. 
As  l'.  of  total  R&D  spending  0.4  0.4  0.3  0.3  0.3 
Total  domestic  financed  R&D 
As  \  of  total  R&D  spending  99.1  98.9  98.9  98.9  98.9 
From  abroad  funded  R&D 
As  \  of  total  RID  spending  0.9  1 . 1  1 • 1  1 • 1  \ • 1-
Stiurce  :  BUFO  1988 
over  90  ~ of  the  Federal  research  appropriations  are  provided  by 
four  Federal  ministries,  the  Federal  Ministry  for  Research  and 
Technology  CBMFTl,  the  Federal  Mini~try of  Defence  CBMVg>,  the 
Federal  Ministry  of  Economic  Affairs  CBMWil  and  the  Federal 
Ministry  of  Education  and  Science  CBMBWl.  The  BMFT  supplied  some 
55  ~  of  the  funds  in  1987. 
5.  International  Cooperation. 
The  Federal  Republic  of  Germany,  with  its heavily  export-oriented 
economy,  has  a  great  interest  in  international  cooperation. 
In  1987  the  funds  which  went 
organizations  amounted  to  about 
R&D  appropriations.  According  to 
government  and  industry  will 
Cabout  630  million  ECUl  in  1987. 
abroad  or  to  international 
8  ~ of  the  Federal  Government's 
estimates  the  expenditure  from 
amount  to  some  DM  1,700  million 
The  Government  attaches  great 
technology  policy.  It  sees 
industrial  and  technological 
promoting  R&D  as  another  means 
importance  to  EC  research  and 
safeguarding  Europe's  economic, 
capabilities  by  coordinating  arid 
of  uniting  Europe. 
EUREKA  is  seen  as  a  cooperation  beyond  national  boundaries  in 
which  economic  activities  can  be  pursued  by  appropriate 
coordination.  The  German  industry  particularly wants  standards  to 
be  harmonized  at  an  early  stag~ and  in  parallel  with  research  and 
development.  German  firms  'and  research  institutes  are 
participating  in  66  of  the  213  EUREKA  projects.  The.  German 
participation  to  these  projects  was  estimated  to  1,150  Mio  DM 
cabout  575  Mio  ECUl  cas  of  June  1988). 
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S  i  T  POLICY  IN  GREECE. 
1.  Objectives. 
The  main  objectives  set  by  the  1988-92  National  plan  for  research 
and  technology  are  : 
Creation  of  the  necessary  infrastructure  with  increasing 
importance  to  the  creation  of  human  research  and  managerial 
potential. 
Formulation  of  specialised  sectoral  programmes  in 
agriculture,  industry,  energy,  etc.  Particular efforts will 
be  made  to  promote  the  development  of  high  technology. 
Diffusion  of  s  & T  information  (creation of  networks). 
Promotion  of  technology  transfer  and  international 
cooperation. 
Encouragement  of .innovation. 
GERD  as  a  percentage  of  GDP  has  increased  steadily  from  0.21  X  in 
1981  to  0.35  ~  in  1985.  The  aim  is  to  reach  0.65  X  in  1992. 
2.  priorities. 
High  priority has  been  given  to  : 
Industrial  research  Development  Programme; 
Social  and  human  sciences; 
Information  technology; 
Biotechnology; 
Energy; 
Agriculture. 
Breakdown  of  provisional  R&D  budgets  by  ob1ectiyes  in  1986  and  1987  (4!. 
Objectives  Provisional  budgets 
1986  1987 
Explol:'ation  and  exploitation  of  the  eal:'th  s. 5  7' 1 
Infrastl:'uctures  and  9ene1:'al  land-use  planning  0.4  0.3 
Control  of  environmental  pollution  3. 4  2. 1 
Protection  and  improvement  of  human  health  9.3  7.4 
Production.  distribution  and  rational 
utilization of  energy  2.6  3.6 
Agricultul:'al  productivity  and  technology  24.9  26.0 
Industrial  pl:'oductivity  and  technology  8.7  11.2 
Social  structul:'es  and  relationships  6.4  7.3 
Exploration  and  exploitation of  space  0.6  0.4 
Research  financed  from  general  university  funds  26.9  25.3 
Non-oriented.research  6. 1  6.7 
Other  research  2.2  0.3 
Total  financing  of  civil  R&D  97.1  97.7 
Defence  2.9  2.3 
Total  financing  100.0  100.0 
Source  EUROSTAT  Government  financing  of  R&D  in  Community  countries. 
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3.  Implementation. 
3.1.  Legal  Framework  and  institutional  mechanisms. 
The  law  C1514/85l  on  the  "Development  of  Scientific  and 
Technological  Research"  ha~ been  promulgated  and  aims  at  setting 
the  foundations  for  a  new  policy. with  concrete  objectives  and 
organization  of  the  R  & T  activities related  to  Greece's  socio-
economic  development. 
The  General  Secretariat for  Research  and  Technology ·cG.S.R.T.l  is 
an  autonomous  body  within  the  Ministry  of  Industry,  Energy  and 
Technology  and  is  responsible  for  the  drawing  up  and  the 
implementation  of  the  five-year  plan  for  Research  and 
Technological  Development,  the  elaboration  of  new  programmes,  the 
promotion  of  technological  development,  the  activation  and 
development  of  Research  and  Technology  potential,  the  importing 
and  exporting  of  know-how,  research  evaluation  and  coordination 
of  R&D  a6tivities  between  the  various  actors. 
There  are,  however,  other ministries  that  organise  and  fund  their 
own  R&D  activities  over  which  the  G.S.  R.T  has  not,  so  far,  any 
jurisdiction.  To  improve  consistency  and  to  promote  coordination, 
all  the  competent  ministries  have  participated  in  the  preparation 
of  the  new  Plan  (1988-19921. 
3.2.  Research  Centres  and  Universities. 
Intense  efforts  will  be  made  to  attain  the  larger  possible 
participation of  Greece  in  programmes  issued  within  the  framework 
of  bilateral  agreements. 
In  order  to  improve  the  technical  infrastructure,  efforts  are 
made  to  draw  a  greater  advantage  from  the  EEC  programmes,  FEDER, 
etc.  and  to  make  a  more  efficient use  of  the  existing  research 
equipments  by  the  research  units  ~nd universities. 
With  the  exception  of  Universities  who  are  free  to  choose  the 
topic  of  their  research,  public  financing  of  research  centres  and 
institutes will  depend  on  their  ability  to  obtain  grants  from 
third parties  especially  from  the  EECl,  to  work  closely  with  the 
production  sector,  to  contribute  in  the  technological  development 
of  the  country,  to  execute  programmes  of  a  greater  national  or 
social  interest  and  to  promote  the  country's  reputation  in  the 
domain  of  research. 
Efforts  are  made  to  institutionalize  concrete  research  incentives 
to  researchers  and  technicians,  which  with  their  own  initiative 
will  bring  to  the  research  centre  or  institution  external 
subsidies  from  financing  organizations  or  income  from  services, 
or  selling  of  products. 
In  order  to  bring  Research  closer  to  the  production  sector,  the 
Cofinancing  programme  has  been  devised  according  to  which  Higher 
Education  Institutions  (Universities  or  Technical  Colleges),  or 
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research  centres  can  submit  proposals  for  financial  subsidies  of 
some  research  projects  provided  that  they  have  previously  managed 
to  obtain  30  ~  financing  of  the  total  cost  of  the  project  from  a 
production  unit  or  a  social  body. 
3.3.  Industry. 
Until  recently  Greek 
technological  research 
out  in  State  research 
productive  branches  of 
firms  have  been  little 
activities,  and  the  research 
institutions  have  been  cut 
the  economy. 
involved  in 
~ork carried 
off  from  the 
The  follo~ing  measures  have  been  adopted  in  order  to  encourage 
research  in  the  industry 
In  the  Industrial  Research  Development  Programme,  it is 
foreseen  a  subsidy  of  40-50  ~ of  the  research  work  carried 
out  by  an  enterprise. 
In  the  law  1262/87,  it  is  foreseen  a  subsidy  for  the 
establishment  or  expansi~n  of  laboratories  in  the 
enterprises. 
There  is  a  possibility  of  deducting  research  expenses  from 
the  taxable  sum  and  amortization  of  research  equipment  costs 
~ithin three  years  (Law  1731/19871. 
Financing  the  creation  of  prototypes  by  the  Greek 
Organization  for  SHE  and  handicraft  CEOHHEXl  and  the  G.S. 
R  & T. 
3.4.  Technology  Transfer. 
A  new  law  1733/22.09.1987  on  "Transfer  of  Technology,  Inventions 
and  Technological  Innovations"  has  been  recently  passed  which 
aims  to  assist  the  firms  with  technology  transfer  into  Greece, 
and  endogenous  technological  development.  The  law  provides  for 
the  establishment  of  an  organization  for  industrial  property 
rights  which  will  be  in  charge  of  monitoring  the  application  of 
this  law. 
In  order  to  solve  effectively  the  problems  of  technology  transfer 
in  some  sel~cted industrial  sectors  and  the  linkage  of  research 
with  production,  some  technical  sectorial  companies  have  been 
created  for  technical  assistance  to  the  existing  SHE  in  those 
sectors. 
3.5.  Patents  and  "Know-how". 
To  promote  the  role  of  patents  in  the  exploitation  of  the 
research  results  and  the  innovation,  Greece  modernised  the 
national  legislation  covering  this  sector with  the  enactment  of 
the  law  1733/1987  mentioned  above  and  the  ratification of  the 
European  Patent  Convention.  In  collaboration  with  the  European 
Patent  Organization,  a  five  year  programme  has  been  formulated 
for  the  development  of  the  corresponding  Greek  Organism  COBI>. 
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3.6.  Innovation. 
In  1982,  the  Greek  Organization  of  Small  and  Kedium  Enterprises 
and  Handicraft  CEOKHEXl  started  a  programme  for  the  promotion  of 
in~ovation in  the  SHE  in  Greece.  In  this  way  a  Central  Innovation 
and  Technological  Development  Directorate  CDIKTA>  was  created  as 
well  as  5  local  offices  of  innovation  in  five  different  cities of 
Greece. 
4.  National  resources. 
4.1.  Human  Resources  C1l 
Number  of  researchers  per  1000  labour  force  :  0.8  C1983l. 
To  reverse  the  acute  problem  of  "brain-drain"  Greece  is 
determined  to  proceed  with  the  creation  of  the  proper  working 
conditions  in  order  to  attract  back  some  of  the  eminent  Greek 
scientists  who  work  abroad. 
4.2.  Financial  Resources  C2) 
Gross  Domestic  Product  CGDPl  Cat  current prices  and  exchange 
rates>  :  42.8  Billion ·ECU  C1985> 
Gross  Domestic  Expenditure  for  R'D  CGERDl  :  148.9  Hio  ECU  C1985) 
GERD/GDP  :  0.35  ~  C1985l 
Percentage  of  GE.RD  financed  by  industry:  26.3  ~  C1985l 
R&D  Budget  :  99.5  Hio  ECU  C1986)  (3) 
R&D  Budget/National  Budget  :  0.67  ~  C1986) 
Defence  R&D  as  a  ~of  total  Government  appropriations  2.7  ~ 
(1986). 
5.  International  Cooperation. 
The  participation  of  Greece  in  the  Community  R&D  programmes  has 
increased  substantially  over  the  period  1984-1987,  and  the  total 
Community  funding  for  .this  period  reached·  the  sum  of  38.6 
Millions  ECU.  Bilateral  and  multilateral  agreements  for 
cooperation  on  R.  &  T  exist  between  Greece  and  several  countries 
from  the  Western  and  Eastern  bloc. 
For  example,  within  the  framework 
between  Greece  and  Germany,  a  unique 
dwellings  utilising  seven  different 
constructed  in  the  Athens  area. 
of  a  bilateral  agreement 
solar  energy  village  C435 
energy  systems>  has  been 
Among  the  activities devised  within  the  framework  of  bilateral 
collaboration,  40  ~  Cin  number>  will  concern  exchange  of 
scientists  and  the  other  60  ~  joint application  programmes. 
Greece  participates  in  8  EUREKA  projects  Cas  of  01.07.1988). 
c  1 l  Source  OECD. 
C  2 >  Source  OECD 
c  3)  Source  OSCE.  374 Nov.  1988 
S  i  I  IN  IRELAND 
1.  General  Policy. 
During  1997  Irish  Science  and  Technology  was  considerably 
reorganised.  A  Minister  for  Science  and  Technology  was  appointed 
for  the  first  time ..  The  Ministry  of  Science  and  Technology  is 
located  within  the  Department  of  Industry  and  Commerce. 
Within  a  wide  general  programme  of  rationalization  of  Government 
activity,  Ireland's  major  public  scientific  and  technological 
institutions  were  amalgamated. 
Government  has  accompanied  this 
S  &  I  focus  towards  fostering 
firms  in  science  and  technology. 
reorganization  with  a  shift  of 
a  greater  effort  by  indigenous 
At  a  time  of  widespread  cuts  in  all  Government  expenditure  the 
Minister  for  Science  and  Technology  allocated  £  2.5  m  (3.2  HECU> 
additional  to  earlier  budget  provision.  Indigenous  development 
played  a  major  part  in  the  programme  set  out  (1). 
"  This  programme  : 
- will  support  the  placement  of  the  best  and  brightest  science 
and  engineering  graduates  in  industry; 
- will  develop  centres  of  excellence  and  applied  research  in  our 
higher  education  institutes; 
- will  establish  a  national  programme  of  technological  innovation 
to  extend  and  enhance  existing  research  grant  schemes 
administered  by  the  National  Board  for  Science  and  Technology; 
- Institute  for  Industrial  Research  and  Standards  to  acquire  much 
needed  test  equipment  so  as  to  give  Irish  industry  the  range  of 
services  needed  in  today's  circumstances." 
2.  priorities. 
S&T  Strategic  Research  Programme  emphasizes  application-
orientated  research  and  has  identified  Biotechnology, 
Engineering,  Advanced  Materials  and  Information  Technology  as 
priorities. 
Additional  Policy  aims  consistent  with  concentrating_natural  S&T 
effort  on  indigenous  firms  are  : 
i>  increasing  the  innovation  rate  in  Irish enterprises; 
ii>  tackling  the  structural  barriers  of  industry  which  inhibit 
better technological  capacity  and  performance. 
iii>  developing  a  modern  information  and  intelligence  network. 
iv>  accelerating  the  adoption  and  application  of  new  industrial 
technologies. 
v>  creating greater  awareness  of  the  importance  of  science  and 
technology  and  an  improved  climate  for  entrepreneurship. 
(1)  New  Science  and  Technology  Development  Programme" 
Dr  S.  He  earthy,  Minister  for  Science  and  Technology, 
Dublin,  11th  June  1987. 
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vil  mobilising  and  optimising  public  and  publicly  funded  S  &  T 
agencies  and  services  in  support  of  the  innovation  drive  by 
ensuring  coordinated  programmes  of  actions  within  and 
between  agencies  by  : 
supporting  mobility  of  personnel; 
making  efficient  use  of  scarce  national  facilities: 
gaining  maximum  benefit  from  international  cooperation; 
focussing  serectively  on  areas  of  technology  assessed  as 
priorities: 
ensuring  viable  quality  programmes  with  prospects  of 
successful  outcome  assumed  by  good  management  and  technical 
capability  df  the  t~ams. 
vii>  participating  wherever  possible  in  collaborative  R&D. 
The  South  East  Region,  one  of  the  weaker  regions  in  S&T,  has  been 
declared  a  pilot  region  for  S&T  related  economic  development. 
Table  1 
Br@akdown  of  orovisional  R&D  buda@ts  bv  obi~ctfV@B  i  1986  d  1987  (~l  D  AD  . 
Objectives  Provisional  budgets 
1986 .  1987 
Exploration  and  exploitation of  the  earth  0.7  .0.6 
Infrastructures  and  general  land-uae  planning  3.9  4. 2 
Control  of  environmental  pollution  0.8  1. 0 
Protection  and  improveiDent  of  human  health  4.9  3.9 
Production,  distribution  and  rational 
utilization of  energy  1. 2  1.1 
Agricultural  productivity  and  technology  27.3  24.2 
Industrial  productivity  and  technology  !  26.1  2 7. 2 
Social  structures  and  l'elationshipa  8.0  10.0 
Exploration  and  exploitation of  space  1.1  2.3 
Reaeal'ch  financed  fl'om  general  university  funds  23.9  23.0 
Non-ol'iented  l'eseal'ch  2.1  2.5 
Other  l'esearch  - -
Total  financing  of  ciVil  RID  100.0  100.0 
Defence  - -
Total  financing  100.0  100,0 
~  :  EUROSTAT  Government  financing  of  RlD  in  Co111munity  countries,. 
3.  Implementation. 
In  the  wide  ranging  changes  conducted  in  1987  and  implem~nted in 
1988,  the  primary  policy  and  resources  management  agencies  were 
changed. 
The  National  Board  for  Science  and  Technology  (NBST>  - the 
primary  S&T  policy  advising  and  co-ordination  agency  and  the 
Institute  for  Industrial  Research  and  Standards  <IIRSl  - the 
primary  S&T  application  agency  - have  been  amalgated  to  form  the 
new  body  EOLAS. 
An  Foras  Taluntais  <AFT>  the  Agricultural  Institute  - the 
primary  agency  for  agricultural  research  and  ACOT  - the  primary 
agricultural  training  and  development  agency  have  been 
amalgamated  to  form  the  new  body  TEAGASC  - The  Agriculture  and 
Food  Development  Agency. 
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The  functions  of  the  environmental  Research  Institute  <AFF>-
have  been  either  taken  into  the  Dept  of  Environment  or  given  to 
TEAGASC  or  EOLAS.  The  functions  previously  carried  out  by  the 
Medical  Social  Research  Board  and  Medical  Research  Council  were 
subsumed  into  the  new  Health  Research  Board. 
All  fee  earning  S&T  services  have  been  forced  to  seek  higher 
returns.  Dependence  on  fee  income  has  undoubtedly  resulted  in 
greater  efficiency  in  the  provision  of  S&T  services·.  There  is  a 
danger,  however,  that  non-fee  earning  developmental  work  will  be 
curtailed at  the  expense  of  fee-earning  activities.· 
Overall  reduction  in  exchequer  funding  of  S&T  activities has 
resulted  in  the.  curtailment  o£  certain  S&T  activities, 
particularly  those  which  are  not  fee  earning. 
4.  National  Resources. 
4. 1 .  Personnel  <  1 > 
Considerable  reductions  in  staff  at  the  main  public  S&T 
institutes have  also  been  sought  as  part  of  Ireland's  general 
drive  to  reduce  public  expenditure  in  its attempt  to  overcome  the 
economic  difficulties arising  form  its foreign  debt. 
r.he  number  of  researchers  in  Ireland  per  1000  Labour  force  is 
2.8  ~. 
2.  Financial  Resources. 
S&T  has  had  a  small  budget  increase  in  1987  despite  widespread 
cuts  in  most  other  spending  departments.  Government  Expenditure 
on  S&T  increased  in  real  terms  by  1.4  ~per annum  average  from 
1981-87.  Current  expenditure  on  S&T  increased  by  3  X  per  annum  in 
real  terms  1985-87.  However  R&D  Expenditure  as  ~ of  GDP  has 
remained  around  0.8 X  of  dDP.  All  of  Irela~d's  R&D  expenditure  is 
Civilian  R&D.  · 
S&T  Expenditure  has  declined  in  Agriculture  and  Energy  and 
increased  in  S&T  for  the  Manufacturing  Sector. 
Table  2  provides  pattern of  expenditure. 
Table  2 
GOVERNMENT EXPENDITURE ON SOENCE AND lECHNOlOGY, 1982-19861RE MILUON 
1982  1983  1984  1985  1986' 
(lRCml  (IR£m)  (lR[mJ  (IR[ml  (IR[m)  (MECU) 
VotedCurrenl Monies  213.2  221.5  237.7  258.9  278.4  363 
Voted Capital Monies  34.2  38.5  34.4  34.7  46.6  61 
Non-Exchequer Monies  24.4  49.4  62.9  70.4  73.3  96 
Total  271.8  309.4  335.0  364.0  398.3  520 
• Budgened expenditure  Source: NBST 
( 1 )  Source  NBST  Annual  report. 
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Current  expenditure,  which  represents  mainly  labour  costs, 
provides  a  better guide  to  overall  activity  levels.  Total  current 
expenditure  increased  by  3.1  X  in  real  terms  between  1985  and 
1986. 
The  Government  component  of  this  expenditure  has,  however, 
decrea~ed  in  real  terms  between  1981  and  1986,  with  current 
expenditure  decreasing  by  2  ~  and  capital  by  1  ~.  This  decrease 
in  exchequer  funding  had  been  matched  by  a  real  increase  in  non-
exchequer  income  of  68  ~ between  1981  and  1986. 
Indigenous  firms  contribute  one  third  of  ·total  expenditure  by 
firms  in  Ireland  on  R&D.  In  1982  of  5,652  owned  firms  only  74  had 
formal  R&D  departments,  only  231  conducted  any  R&D. 
There  was  a  drop  in  funding  for  R&D  due  almost  entirely  to  a 
reduction  in  Government  support  for  the  Agriculture  Sector. 
Agricultural  R&D  expenditure  has  decreased  in  real  terms  by 
17.7  ~since 1981. 
Government  support  for  R&D  in  the  Manufacturing  sector  has  grown 
steadily however  since  1981  - recording  a  real  growth  of  99  X 
over  the  five  year  period  to  1986.  GERD/GDP  is 0.8  ~.  R&D  to 
support  manufacturing  is  now  the  largest  element  of  State  R&D 
activities. 
The  higher  education  sector  was  the  other  major  recipient  of 
Government  funds  for  R&D,  indirectly  through  the  general 
education block-grant  from  the  Department  of  Education  and  the 
Higher  Education  Authority,  and  directly  through  specific 
research-support  schemes. 
5.  International  Cooperation; 
As  a  small  economy,  peripherally  located,  Ireland  regards 
international  S&T  participation of  crucial  impo~tance  and  seeks 
participation.  In  Community  programmes  in·  which  Ireland 
participates,  it is very  successful  relative  to  population  size. 
It regards  the  main  benefits  as  enhancemen~ of  the  scientific  and 
technological  competence  by  offering it  : 
i>  the  ·  means  to  develop  an  outward  orientation  and 
participation  in  the  wider  world  of  science; 
ii1  opportunities  for  sharing  the  costs  of  specific  research 
programmes  and  facilities; 
iii>  the  means  to  access  specific  scientific  and  technical 
information  and  to  gather  technological  and  commercial 
intelligence: 
iv>  opportunities  for  acquiring  technology  through  licensing  and 
other  methods  of  transfer. 
Ireland participates  as  of  July  1988  in  6  EUREKA  projects. 
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S  i  T  IN  ITALY 
1.  General  policy Objectives. 
Scientific  research  and  technological  development  are  a  current 
priority for  the  Italian Government  and  business  enterprises. 
The  ratio  Gross  domestic  ExPenditure  on  R-D  CGERDl/Gross 
Domestic  product  CG.D.p.>  increased  from  0.74%  in  1980  to  1.40 
in  1988. 
The  overall  objective  is  to  increase  the  GERD  for  the  next  4  or  5 
years  in  a  such  way  as  to  reach  the  ratio  GERD/GDP  value  of  about 
2.4  ~  comparable  to  that  of  other  Community  countries  such  as 
France  and  U.K. 
For  research  personnel,  between  1969  and  1985  Italy  was  the 
second  country  Cof  the  OECD  geographical  areal  to  show  the 
highest  annual  increase  rate  for  researchers  <about  5.9  ~>. 
A  particular effort will  be  made  in  training  and  recruiting  young 
scientists for  which  a  serious  shortage  is  foreseen  in  the  near 
future. 
Italian researchers  are  also  eager  to  develop  more  than  before  as 
much  international  cooperation  as  possible. 
The  percentage 
scientists  with 
countries. 
of  scientific  papers  published  by  Italian 
foreign  co-authors  is  the  highest  of  all  OECD 
2.  priorities. 
Specific priorities are  set  in  the  field  of  advanced  technologies 
in  order  to  give  an  edge  to  Italian  industry  in  the  competition 
for  supplying  the  internal  and  foreign  markets. 
A  major  emphasis  will  be  put  on  the  following  sectors 
biotechnologies  and  fine  chemicals  ; 
electronic  data  processing  (micro- and  molecular 
electronics>  ; 
new  materials  Csemi-conductors,  ceramics,  etc.>  ; 
thermonuclear  fusion  ; 
broadband  telecommunications 
optics  and  lasers  ; 
advanced  transport  ; 
satellites  and  space  crafts  ; 
biomedical  instrumentation  ; 
educational  training  technique. 
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One  field  of  research  is  to  be  reduced  in  importance,  viz, 
nuclear  fission  because  the  majority,  in  a  national  referendum  in 
1987,  expressed  a  negative  position  towards  the  continuation  of 
electricity production  with  the  present  generation  of  nuclear 
reactors.  However,  research  is  continuing  at  a  reduced  scale  on 
an  "intrinsically safe"  fission  reactor  . 
.. 
The  following  table  highlights  the  shift  in  the  priorities 
between  1986  and  1987  in  government  funded  research. 
Breakdown  of  provisional  R&D  budgets  by  ob1ectiyes  in  1986  and  1987  <X>. 
Objectives  Provisional  budgets 
1986  1987 
Exploration  and  exploitation of  the  earth  1 . 1  1 . 4 
Infrastructures  and  general  land-use  planning  0.9  0.8 
Control  of  environmental  pollution  , . 0  0.9 
Protection  and  improvement  of  human  health  4.4  4.5 
Production,  distribution  and  rational 
utilization of  energy  1 7. 4  11  . 1 
Agricultural  productivity  and  technology  3.7  3.5 
Industrial  productivity  and  technology  19.,  1 9. 1 
Social  structures  and  relationships  1 • 1  1 . 2 
Exploration  and  exploitation of  space  6.9  9.3 
Research  financed  from  general  university  funds  28.6  31  . 9 
Non-oriented  research  7.0  6.6 
Other  research  0.4  1. 9 
Total  financing  of  civil  R&D  91  . 6  92.2 
Defence  8 .. 4  7.8 
Total  financin<J  100.0  100.0 
Source  :  EUROSTAT  Government  financing  of  R&D  in  Community  countries. 
3.  Implementation 
Several  ministries,  research  bodies  and  industry are  responsible 
for  carrying  out  R&D  activities.  At  pre~ent the  Minister  for  S&T 
research  has  a  certain  amount  of  coordination  power  for  the 
public  finanied  R&D.  A  law,  approved.  by  the  Senate  and  now 
presented  to  the  other  branch  of  the  Parliament,  will  set  up  a 
Ministry  responsible  for  University  and  the  scientific  and 
tec~nological research. 
The  Minister  for  University  and  S&T  research will  have  his  own 
budget  and  should  be  in  a  position  to  coordinate  the  whole  public 
financed  R&D  activities  and  to  draw  guidelines  for  the  private 
funded  research  via  fiscal  and  other  incentives  to  industry. 
The  most  important  decision-making  body  at  ministerial  level, 
which  has  an  overall  competence  in all matter  concerning  the 
Italian economy,  is the  C.I.P.E.  Cinterministerial  Committee  for 
Economic  Planning).  The  new  Minister,  above  quoted,  will  be  a 
permanent  member  of  C.I.P.E. 
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Among  the  largest  bodies,  other  than  ~niv~rsity 
Institutes,responsible for 
can  be  quoted  : 
carrying  out  research,  the  following 
C.N.R.  <National  Research  Council>  ; 
I.N.F.N.  <National  .Institute  for  Nuclear  Physics> 
responsible  for  research  in  high  energy  physics  ; 
A.S.I.  <Italian  Space  Agency>  established  in  June  1988  ; 
I.S.S.  <Central  Institute for  Public  Health>  , 
E.N.E.A.  <National  Organization  for  R&D  of  Nuclear  and  new 
Energy  sources>. 
The  targeted  projects  <"progetti  finalizzati">  promote  applied 
research  with  reference  to  well-defined  topics  involving  the 
adoption  of  multi-disciplinary  methods  and  having  recourse  to 
integrated  scientific  skills  at  different  levels,  e.g.  the 
Universities,  .C.N.R.,  industry  and  other  central,  regional  and 
local  administrative  bodies. 
In  addition  to  the  attainment  of  specific  economic  relevant  goals 
in  the  short  term,  the  targeted  projects  are  concerned  with  the 
medium-/long-term  examination  of  particular  problems  affecting 
production  and  social  development. 
As  far  as  industrial  R&D  is  concerned,  it must  be  noted  that  the 
general  picture  produced  by  the  examination  of  the  statistical 
indicators  of  industrial  research  reveals  the  tendency  of  Italian 
industry  to  give  priority  to  products  having  an  average 
technological  content. 
The  share  of  industrial  R&D  in  the  formation  of  the  GERD  has 
these  last years  been  about  50  ~  of  the  total,  but  industry's 
share  as  a  performer  of  R&D  was  about  57  ~  in  1985. 
4.  National  Resources 
4.1.  personnel  <1> 
Total  R&D  personnel  <full  time  equivalent f.t.e.l  117,887  units 
(1985) 
Total  R&D  Scientists  and  Engineers,  Researchers  <f.t.e.>  :63,759 
units  <1985>. 
Number  of  researchers  for  1000  labour  force  2.7 
(1)  Source  O.C.D.E.,  Paris  Main  S&T  Indicators  1988. 
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The  higher  education  system  of  Italian universities  delivers  only 
one  qualification  in natural  sciences  and  engineering  while  three 
types  of  university  qualifications  (diploma,  degree  and 
doctorate>  are  required  for  being  in  line  with  most  Western 
countries. 
In  order  to  cope  with  the  shortage  of  researchers  forecast  for 
the  coming  years  it  is  planned  to  recruit  50,000  young 
researchers  in  the  next  five  years. 
4.2.  Financial  Means  (1) 
Government  financing  of  R&D  in  1997  4,754.5  Mio  ECU 
(provisional  budget> 
Defence  R&D  as  ~ of  Total  R&D  Government  Budget  :  7.8  ~  (1987l 
Gross  domestic  Expenditure  for  R&D  CGERD>in  1995  :6,307.3  Hio  ECU 
GERD  I  GDP  1.33  X  C1995l 
5.  International  Cooperation 
Senior  officials  in  charge  of  S&T  research  think  tha~ 
participation  in  research  projects  based  on  international 
cooperation  at  both  European  and  non-European  level  is  essential 
for  maintaining .italian  science  and  technology  in  the  orbit  of 
more  advanced  countries. 
Moreover,  there  is not  only  an  attempt  to  open  Italy's science 
programme  to  international  cooperation  on  a  broad  scale  but  also 
a  desire  for  interaction  and  adjustments  between  Community  or 
international  programmes  and  national  projects. 
Therefore  the  Italian scientific  world 
for  participation  in  the  first  and 
programmes  mainly  in  large  Community 
RACE,  Fusion,  BRITE  and  EURAM. 
has  expressed  its interest 
second  Community  framework 
actions  such  as  ESPRIT, 
Italy is  present  in  59  EUREKA 
participates  to  EMBO  and 
organizations. 
projects  cas  of  01.07.19891  and 
other  international  research 
Italy is  an  active  member  of  CERN  as  well  as  of  the  European 
Space  Agency  CESAl  and  about  one  half  the  Italian  funds  for  space 
research  are  allocated  to  the  ESA  projects. 
<1>  Source  OSCE 
382 Nov.  1988 
S  & T  IN  LUXEftBOURG 
1.  General  Policy  Objectives. 
Up  to  1987  all  the  R&D  activities  in  the  Grand-Duchy  were  carried 
out  by  private  enterprises.  A  law  approved  in  March  1987  by  the 
Parliament  gave  power  to  the  Government  to  set  up  a  certain 
number  of  Public  Research  Centres  CPRCl.  These  centres  will  be 
financed  by  public  funds.  Moreover  a  certain  amount  of  public 
money  is set  aside  for  special  scholarships  designed  to  train 
researchers. 
With  the  establishment  of  PRC  the  Government  wishes  to  foster 
industrial  innovation  through  the  transfer of  research  results  to 
private  enterprise.  Nevertheless  the  role  of  Government  in  the 
whole  process  of  technological  innovation  shall  remain  only  and 
exclusively  as  an  encouraging  role,  with  business  enterprises 
managing  entirely  the  function  of  innovating  their products. 
2.  priorities. 
The  broad  guidelines  of  the  science  policy  for  the  publicly 
financed  research  are  set  out  by  a  special  Commission  "Research 
and  Innovation"  of  the  Parliament  and  professional  Guilds  are 
consulted  for  advice. 
One  of  the  most  important  priorities  is  the  training  of  highly 
specialised  researchers  in  all  fields. 
Cooperation  with  foreign  scientists is  also  considered  of  primary 
importance  given  the  limited  fields  of  coverage  of  the  PRCs  now 
operational. 
Particular attention 
gathered  in  public 
innovation. 
is  devoted  to  the  transfer 
research  establishments,  to 
Specific  priorities are  the  following  : 
-data processing  and  bureautics  (software>; 
- micro-electronics; 
of  results, 
industrial 
- biotechnology  for  th~ protection  of  the  human  health  and  for 
the  environment; 
- new  materials  <mainly  for  steel  and  chemical  products,  ceramics 
and  composite  materials>. 
3.  Implementation. 
The  Interministerial  Committee  for  Research  and  Technological 
Development,  whose  members  are  appointed  by  the  Government,  is 
responsible  for  coordination  and  fun4ing  of  Government  financed 
research  and  training  scholarships.  Moreover,  this  Committee  acts 
as  an  advisory  body  for  the  Minister  responsible  for  scientific 
and  applied  research  <the  Minister  for  Education  and  Youth>. 
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At  present,  only  three  PRes  are  operational  but  other  three  or 
four  more  are  planned  and  they  will  be  progressively  established 
in  the  next  four  or  five  years. 
Industry  is,  at  present,  totally 
research  activities  which  are  mainly 
sectors  : 
- steel,  rubber  and  metal  products; 
- metallic  building  structures; 
responsible  for  funding  its 
carried  out  in  about  ten 
- chemistry,  thermoplastics  and  powder  metallurgy; 
- electric  house  appliances. 
Kore  than  one  half  of  the  industrial  research  is  performed  in 
coope~ation  w~th foreign  firms. 
The  new  Government  structure  for  fostering  industrial  innovation 
set  up  measures  and  incentives  to  industry  for  investments  in  R&D 
activities  and  in  : 
- feasibility  studies  in  SHE; 
- prototype·s; 
- pilot plants; 
- services  processes; 
4.  National  resources. 
Statistical  data  Cexpenditure  and  personnell  on  r~search 
activities  are  not  yet  systematically  collected  by  Luxembourg 
statisticians,  however  the  new  ministerial  structures,  recently 
set  up,  shall  be  in  position  to  do  so  in  the  very  near  future. 
5.  International  cooperatiOn. 
National  authorities  and  Luxembourg  scientists have  indicated 
their  interest  for  Community  and  international  cooperation  and 
this  is  demonstrated  by  the  fact  that  the  possibility  to  work  in 
the. PRCs  of  Luxembourg  is also  offered  to  for.eign  scientists. 
Luxembou~g cannot  be  present  in  all  the  research  fields  so  the 
choice  of  participating  in  international  projects  is  imposed  by 
the  need  to  complement  the.  national  effort  by  international 
participation. 
Luxembourg's  participation  in  international  programmes  is  limited 
to  three  EUREKA  projects  (CERISE,  COSINE  and  IQ133l,  to  two 
Community  programmes,  ESPRIT,  and  BRITE  and  to  COST. 
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1.  General  Policv  Objectives. 
The  formulation  of  the  Dutch  science  policy  for  the  next  10  to  15 
years  will  be  determined  by  the  following  three  issues  : 
- Aspiration  of  a  scientific basis  in  the  1990's  for  the  benefit 
of  its key  societal  functions. 
- Achievement  of  an  important  role  in  research  in  the  process  of 
internationalization. 
- Endeavour  for  a  well  balanced  development  and  application  of 
science  and  technology  at  economic,  social  and  cultural  needs. 
The  total  R&D  expenditure  <GERDl  increased  remarkably  in  the 
recent  years  and  will  amount  to  2.4  ~  of  the  country's  GDP  in 
1988.  This  ranks  the  Netherlands  under  the  high  R&D  spending  EC 
Member  States.  The  Netherlands  will  spend  10,682  Hio  Gld  (about 
4,600  HECUl  in  1988.  This  corresponds  to  an  increase  of  3,7  % 
with  reference  to  1997.  Only  the  Netherlands,  France,  . U.K.  and 
the  FR  of  Germany  contribute  more  than  2  %  of  the  GDP  for  R&D. 
2.  priorities. 
The  largest  share  of  R&D  is  performed  by  the  private  sector 
<about  2/3  by  the  multinational  corporations).  The  general 
expansion  of  the  technological  base  in  industry  mainly  in  the 
SHEs,  is  a  key  target  of  the  Dutch  technology  policy. 
Concerning  the  Government  financed  R&D  five  main  issues  have  been 
set  out  in  the  1988  plan  : 
- fundamental  and  strategic  research; 
- replacement  of  and  investment  in  research  equipment; 
- international  orientation  and  cooperation; 
- promotion  of  and  innovation  in  specific  research  fields; 
- throughput  of  know-how  within  the  research  system  and  the 
society. 
Beside  the  general  priorities,  the  1988  Science  Budget  notes  a 
number  of  specific  subjects  or  medium  term  trends  : 
- Major  developments  in  biology  with  emphasis  on  :  biotechnology, 
marine  and  ecological  research  environmental  problems  (cross-
boundaries),  energy,  healthcare. 
- In  the  fields  of  fundamental  and  strategic  research  :  high-
·energy  physics,  neuro-informatic,  geophysics,  microelectronics, 
Information  Technology,  optical  techniques  and  superconductors. 
- In  medical/behavioural  science  and  humanities  the  gaps  between 
fundamental  research  and  professional  practice  have  to  be 
closed. 
- The  assessment  and  public  diffusion  to  these  new  technologies 
to  avoid  unforeseen  consequence  for  society  is  a  major  concern. 
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The  percentage  break  down  of  the  public  R&D  funding  in  groups  of 
objectives  indicates  the  priorities  which  are  attributed  by  the 
Government. 
Breakdown  of  provisional  R&D  budgets  by  ob1ectiyes  in  1986  and  1987  !J). 
Objectives  Provisional  budgets 
1986  1987 
Exploration  and  exploitation of  the  earth  0.6  o.6 
Infrastructures  and  general  land-use  planning  4.2  4.6 
Control  of  environmental  pollution  3,0  3 I  1 
Protection  and  improvement  of  hum~n health  2.2  2.5 
Production,  distribution  and  rational 
utilization of  energy  4.6  4.0 
Agricultural  productivity  and  techno  1 o·gy  4.4  4.3 
Industrial  productivity  and  technology  14.8  17.6 
Social  structures  and  relationships  3.5  2.4 
Exploration  and  exploitation  of  space  2.9  2.8 
Research  financed  from  general  university  funds  43.1  40.7 
Non-oriented  research  9.8  10.3 
Other  research  4.3  4.3 
Total  financing  of  civil  UP  97.4  97.2 
Defence  2.6  2.8 
Total  financing  100.0  100.0 
Source  :  EUROSTAT  Government  Cinancing  of  R&D  in  Community  countries. 
3.  Implementation. 
The  Government's  responsibility  for  S/T  is  borne  by 
- The  Ministry  of  Education  and  Science  as  regards  fundamental 
and  long  term  research.  This  Ministry  administers  a  large· share 
of  the  Government  financed  R&D  <about  54~ in  1988>. 
- The  Ministry  of  Economic  Affairs  deals  with  innovation-oriented 
R&D  and  the  different  stimulation  schemes  <about  24%  in  19881. 
- Other  Ministries  are  responsible  for  the 
research  related  to  their  functions. 
The  decision  making  is  based  on  a  broadly 
advisory  bodies.  SIT  Policy  is  prepared 
Science  and  Technology,  chaired  by  the  Prime 
is partly market-oriented,  aiming  to  improve 
of  the  Dutch  industry. 
support  of  particular 
structured network  of 
by  the  Council  for 
Minister.  The  Policy 
competitive  strength 
The  structure  for  R&D  funding  and  promotion  is organised  ~s 
follows  : 
a>  Government-financed  fundamental  and  strategic  research  is 
submitted  to  the  principles  of  task-related  funding. 
Block  grants  apply  for  free  research  at  the  universities  and 
the  research  promoted  by  the  Netherlands  Organizations  for 
Applied  Scientific  Research  CTNOl; 
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Specific  grants  provide  for  the  performance  of  well  defined 
programmes; 
Customer  ·designed  projects  or 
exceptional  cases. 
conditional  funding  are 
bl  Policy-oriented  research  Cat  specific  research  institutes>  is 
contracted  out  by  various  ministries. 
cl  Innovation-oriented  R&D  schemes  to  stimulate  the  effort  of  the 
industry  are  promoted  by  the  Ministry  of  Economic  Affairs. 
The  most  important  schemes  and  programmes  in  this  context 
are  : 
The  INNOVATION  STIMULATION  SCHEME  CINSTIR>  Ca  five  year 
programme>  focusses  on  SMEs.  It provides  support  to  the  R&D 
labour  cost,· its financial  volume  amounted  to  360  Mio  Gld 
<nearly  150  MECUl  for  the  1984-1989  period. 
The  TECHNOLOGICAL  DEVELOPMENT  SCHEME  tTOKl  offers risk-
bearing  loans  at  5  ~ interest. 
The  SME  Business  Research  Programme  tOMK  Project)  stimulates 
firms  to  carry  out  advanced  research  by  granting  about  half 
of  the  project  costs. 
The  STIMULATION  of  BUSINESS-ORIENTED  RESEARCH  by  COLLECTIVES 
offered  10  Mio  Gld  <about  4.3  Mio  ECUl  in  1987  <for  research 
and  feasibility  studies). 
The  BUSINESS-ORIENTED  TECHNOLOGY  STIMULATION  PROGRAMME 
<PBTS>  focuses  on  specific  areas  such  as  IT,  Material 
Technology,  Biotechnology  and  Medical  Technology. 
dl  The  Government  as  purchaser  and  first  buyer  plays  an  important 
role  in  the  Dutch  innovation  stimulation policy. 
4.  National  Resources. 
4.1.  Human  Resources  C1l 
The  number  of  researchers  per  1000  labour  force  was  3.7  in  1983. 
The  total  of  R&D  workers  in  the  Netherlands  in  1985  was  slightly 
above 61,000  <full-time  equivalent>. 
The  industrial  sector  employs  about  half  of  the  R&D  manpower 
~ainly in  the  electrical  and  the  chemical  sectors. 
The  Dutch  R&D  Performing  Organizations  employed  27,550  R&D 
workers  in  1985.  The  overwhelming  part  <54  ~>  carried  out  R&D  at 
the  universities  and  technical  universities. 
Cll  source  OECD. 
387 4 
4.2.  Financial  Resources  C1l 
The  national  R&D  budget  amounted  to  4,093  Hio  Gld  <about  1,700 
Hio  ECUl  in  1986.  This  corresponded  to  a  raiio  of  the  national 
R&D  budget  to  the  national  budget  of  2.4  %.  The  Government 
appropriated  2.6%  of  the  national  R&D  budget  to  defence  R&D 
(1988) I 
The  trend  in  R&D  funding  shifted,  as  in  most  EC  Member  States  to 
more  industrial  financed  R&D.  This  sector  increased  it 
contribution  to  the  country's  GERD  between  1985  and  1988  from 
50.2%  to  55.3  %  (estimate), 
The  total  R&D  expenditure  by  source  of  funds  is  given  below  : 
1985.  1986  1997 
Public  sector  (%  of  total)  43.5  41  I  6  40.6 
of  which 
Universities  1 9 I  4  1 7 I  1  16.8 
Other  public  25  I  1  24.5  23.8 
Private  sector  (%  of  totall  51  I  1  53.5  54.7 
Others  (%  of  totall  5.4  4.9  4.7 
Total  Hio  Gld  9,119  9,909  10,297 
Hio  ECU  3,632  4. 1 27  4,412 
as  %  of  GDP  2 I,  8  2.31  2.39 
Source  :  Wetenschapsbudget  1989,  Ministry  of 
Science 
*  :  estimates 
5.  International  cooperation. 
1988* 
40. 1 
1 5 I  4 
24.7 
55.3 
4.6 
10,682 
4,577 
2.40 
Education  and 
Industry  and  Government  are  convinced  that  the  high  costs  and  the 
rapid  succession  of  innovation  cycles  in  new  technologies  require 
an  adequate  market  and  consequently  a  broad  international 
cooperation.  In  this  context  the  Ministry  of  Education  and 
Science  published  a  comprehensive  report  dealing  exclusively with 
"the  Internationalization  of  Education  and  Research". 
The  Government  appreciates  the  shape 
programmes  with  its  action  lines  and 
ind~stry  oriented  programmes  and  the 
cooperation  beyond  national  border. 
of  the  EC  Framework 
the  strong  emphasis  on 
industry  welcomes  the 
The  Dutch  participation  in  EUREKA  is  very  important  amounting  to 
550  HECU  or  14,4  %  of  the  total  project  costs.  The  country  is 
involved  in  52  of  the  21  3  projects  <as  of  o  1. 07. 1988 > • 
(1)  Source  OECD. 
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1.  General  policy  Objectives. 
In  the  XI  Government  programme  CAPRIL  1987)  the  main  goals  for 
R&D  development  were  announced  as  follows  : 
The  maximum  utilization  and  valorization  of 
resources  of  every  type; 
Promotion  of  innovation; 
National  contribution 
knowledge; 
to  the  enlargement 
all  national 
of  scientific 
Promotion  of  public  expenditure  on  R&D,  as  well  as  private 
expenditure,  in  order  to  bring  portuguese  level  towards  other 
developed  countries;  creation  of  a  new  budget  heading  for 
science  and  technology. 
2.  priorities. 
The  methodology  applied  to  achieve  these  goals  will  be  to 
institutionalize  a  "budget  for  science  and  technology"  to  define 
expenditure  in  this  sector. 
A  long  list of  other  aims  which  must  be  taken  into  account  is 
also  included  in  the  Government  programme. 
They  concentrate  on  : 
Measures  to  stimulate  and  increase  greater  research  activity 
by  Portuguese  firms  and  especially  within  firms; 
Increase  the  linkage  between  research  facilities 
education  domain  and  firms; 
Impro~e  fhe  quality  of  S&T  personnel 
opportunities  for  researchers; 
Stimulate  and  support  the  S&T  regional  demand; 
and  the 
in  the 
career 
Strengthen  S&T  information  services  and  improve  the  technology 
transfer process; 
Encourage  Portuguese  participation  in  international 
programmes,  particularly 
Seek  research  programme 
<Portuguese  speaking). 
EEC  programmes.  . 
opportunities  with  African  countries 
Breakdown  of  provisional  RiP  budgets  by  ob1ectiyes  in  1986  and  1987  !\l. 
Objectives  Provisional  budgets 
1986  1987 
Exploration  and  exploitation of  the  earth  10.2  9.0 
Infrastructures  and  C)eneral  land-use  planning  8.9  10  0  5 
Control  of  environmental  pollution  3.0  3.4 
Protection  and  improvement  of  human  health  0.2  0.2 
Production,  distribution  and  rational 
utilization of  energy  5.0  4.7 
Agricultural  productivity  and  technology  1 4 0  4  1 4 0  2 
Industrial  productivity  and  technology  7.3  6.2 
Social  structures  and  relationships  0.2  1 0  3 
Exploration  and  exploitation of  space  - -
Research  financed  from  general  university  funds  35.5  30.5 
Non-oriented  research  1 0  8  0.5 
Other  research  13. 5  19.5 
Total  financinCJ  of  civil  R&D  100.0  100.0 
Defence  - -
Total  financing  100.0  100.0 
--
source  EUROSTAT  Government  financing  of  R&D  in  Community  countries. 
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3.  Implementation. 
Since  1986  there  has  been  considerable  change  and  new  inve~tment 
in  Portuguese  Science  and  Technology.  The  establishment  of  the 
Superior  Council  for  Science  and  Technology  working  in 
conjunction  with  JNICT  (Junta  Nacional  de  Investigacao  Cientifica 
e  Tecnological  contributes  to  the  planning,  global  co-ordination 
and  balancing  of  sectoral  science,  technology  and  research 
policy. 
JNICT,  which  is under  the  auspice  of  the  Ministry  for  Planning 
and  Territorial  Administrations  plays  a  unique  role  in  Portuguese 
S  &  T  Policy  since  it simultaneously  represents  the  "supply"  side 
as  well  as  the  "demand"  side  of  S  & T  and  steadily  promotes  the 
best  interests  of  all.  internationally  and  nationally. 
Action  programmes. 
These  are  integrated  R&D  programmes.  going  from  fundamental 
research  to  increase  research  values  in  industrial  application 
throu~h an  effort  to  stimulate  Portuguese  scientific  groups.  The 
aim  of  these  programmes  is  the  medium-term  development  of  the 
S&T  field.  selected  by  its strategic position  in  the  national 
development. 
JNICT  started  by 
fields  : 
launching 
Biotechnologies; 
"a~tion  programmes" 
Microelectronics~  Informatics,  Robotics; 
Material  Sciences  and  Technologies; 
Marine  Sciences  and  Technologies. 
for  horizontal 
These  actions  programmes  are  privileged  instruments  of·scientific 
policy,  which  enable  through  the  co-ordination  of  human,  material 
and  finan~ial efforts  the  following  actions  to  be  undertaken 
Training  of  human  resources  in  three  areas  - scholarships, 
probations,  training  -; 
reinforcement  of  R&D  strategy  for  productive  sectors  already 
established,  involving  firms  and  universities; 
technological  approach  to  new  fields,  as  yet  with  limited 
significance within  the  Portuguese  industrial  body. 
LNETI  CNational  Laboratory  for  Industrial  Engineering  and 
Technology>  is  the  connecting  research  institution  between 
research  units,  universities  and  firms  and  promotes  the  technical 
base  for  development  of  high  technology  units.  It devotes  much  of 
its research  C60  ~>  to  industrial  technologies. 
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4.  National  Resources. 
4.1.  personnel 
Table  2  summarizes  the  allocation  of  personnel  numbers  of  the 
National  Research  Laboratories  and  illustrates the  concentration 
in  Industrial  and  Agriculture  Research. 
Table  2 
S&E  Staff  of  the  National  Research  Laboratories. 
Laboratories  Field  of  activity  S&E  Staff 
-
INIA  Agricultural  Field  296 
INIP  Fishing  150 
LNIV  Veterinary  Sciences  103 
LNETI  Industrial  and  Energy 
technologies  493 
LNEC  Civil  Engineering  300 
INHG  Meteorology  112 
IICT  Tropical 
Sciences  1 50 
IH  Hydrography  71 
--
TOTAL  1.675 
Source  :  JNICT  '987. 
4.2.  Financial  Resources.  CTable  3) 
R&D  Expenditure  in  1986/87  doubled  1985's  allocation  with  plans 
to  steadily  increase  it to  reach  1  X  of  GOP  by  1990.  JNICT  budget 
has  been  increased  4.5  fold  during  the  last  four  years. 
Table  3 
R  & 0  Expenditure 
Cend  of  period  values> 
Vears  Public  Total 
institutions 
H  Esc 
1986  13.470,4 
J987  18.554,3 
1988(*)  22.108,2 
1990(*)  43.136,0 
C*l  Estimates. 
Source  :  JNICT. 
HECU 
96,2 
11 5. 9 
130,15 
227,0 
H  Esc  MECU 
20.440,7  146,0 
28.440,7  175,9 
35.370,7  202,1 
65.456,8  344,5 
Against  ~ 
previous  GOP 
Vear  ~ 
- 0.47 
37,7  0.57 
1 9. 2  0.61 
- 1! 00 
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5.  International  Cooperation. 
In  a  small  rapidly  developing  economy,  the  need  for  external 
technology  far  outweighs  its current  national  ability  to  provide 
it and  far  outweighs  its export  of  technology. 
International  participation  in  R&D  is  increasing  rapidly  since 
Portugal  joined  EEC  and  Portugal  more  than  doubled  its 
participation  in  Community  programme  from  1986  to  1987  as  well  as 
securing  EUREKA  participation  (13  projects,  as  of  01  .07.1988). 
Bilateral  S&T  agreements  have  also  been  established  with  U.K., 
Spain, -Germany,  France  and  an  interchange  of  Scientists  and 
technologists  with  Brazil  in  the  last  3  years. 
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1.  Objectives. 
The  national  plan  <1988-1991)  for  scientific  research  and 
technologicai  development  focuses  essentially  on  the  following 
objectives  of  general  interest 
- improvement  of  knowledge  and  progress  in  innovation  and 
technological  development; 
- conservation,  upgrading  and  optimal  exploitation  of  natural 
resources; 
- economic  growth,  promotion  of  employment  and  improvement  of 
working  conditions; 
- development  and  strengthening  of  the  competitive  capacity  of 
industry,  trade,  agriculture  and  fisheries; 
- development  of  public  services  and  more  particularly  those 
concerning  housing,  communications  and  transport; 
- improvement  of  health,  social  security  and  the  quality  of  life; 
- strengthening  of  national  defence; 
- protection  and  cons~rvation of  Spain's  artistic  and  historic 
heritage; 
- encouragement  of  creativity,  the  development  and  dissemination 
of  culture  in  all  forms; 
- improvement  in  the  quality  of  education; 
- adaptation  of  Spanish  society  to  the  changes  brought  about  by 
scientific  development  and  the  new  technologies. 
In  Spain  GERD  as  a  percentage  of  GDP  has  increased  from  0.4  in 
1981  to  0.53  in  1985.  The  Spanish  Government  is  determined  to 
increase  the  national  R&D  efforts  even  further,  to  levels 
comparable  with  the  other  advanced  European  countries. 
2.  priorities. 
The  first national  plan  defined  three  main  priority areas 
-information  and  production  technologies, 
-natural  resources,  agricultural  and  food  technologies, 
-quality of  life.  · 
The  importance  that  has  been  attached  to  these  areas  is  clearly 
demonstrated  by  the  following  table  : 
II:  Ill  kd  QWD  g f  2t1Ul 1  1  II  gna  1  R&D  b  d  t  b  ab1  cti  s  in  1986  and  1987  l~l  II  91  II  ll:  1:  lt;l:  ' 
Objectives  Pl:'ovisional  budgets 
1986  1987 
Explol:'atton  and  exploitation or  the  eal:'th  5.3  7.7 
lnfl'BBtl'UC:tUl'eS  and·qenel'al  land-use  planning  3.4  0 o•2 
Contl'ol  or  envil'onmental  pollut'ton  0,4  2o0 
Pl'otectton  and  tmpl'ovellent  or  human  health  4.0  8o6 
Pl'oductiori,  dilltl'ibution  and  l'ational 
utilization or  enel'qy  12 0  3  3  0  1 
AgJ:'iCUltUl'al  productivltv and  technoloqv  4.9  6.7 
Industrial  productivity  and  technology  17o1  21  0  5 
Social  atructures  and  relat  ionahipa  0.9  Oo9 
Exploration  and  exploitation or  apace  4.8  8o8 
lleaearc:h  financed  from  general  university  funds  18 0\  l9o8 
Non-oriented  research  20o6  8 0  5 
Other  reaearch  2.4  3.3 
Total  financing  of civil  RID  94o2  91  o1 
Defence  SoB  8.9 
total  financing  100.0  100.0 
~:  EUROSTAT  Government  financing  of  R&D  in  Community  countl:'ies. 2 
3.  policies  and  Implementation. 
3.1.  Legal  framework  and  institutional  mechanisms. 
A  set  of  laws  has  been  recently  promulgated  to  modernize  and 
unify  the  legal  framework  for  R&D  and  technologi~al  innovation. 
The  law  13/86  on  the  development  and  general  coordination  of 
scientific  and  technical  research,  amongst  other  things,  provides 
for  : 
ilthe establishment  of  a  national  plan  for  scientific  research 
and  technological  development  which  will  be  instrumental  in 
harmonizing  the  country's  science  an~ technology  effort  in  t~e 
medium  term; 
iilharmonization  and  redefinition  of  the  legal  status  of  the 
various  public  research  centres  COPISl. 
The  Interministerial Science  and  Technology  Commission 
responsible  for  the  whole  of  the  government's  science 
is  made  up  of  representatives  from  the  nine 
responsible  for  R&D  activities  Cchairman  :  Minister 
and  Education); 
CCICYTl  is 
policy  and 
ministries 
for  Science 
Other  institutions  involved  are  a  standing  committee  CComision 
permanentel,  the  general  council  for  science  and  technology  for 
co-ordination  between  Autonomous  Communities  and  central 
government,  the  Advisory  ·council  for  Science  and  Technology 
consisting  from  representatives  from  public  and  private sector, 
the  joint  committee  of  the  National  Assembly  CCortesl  for 
monitoring  the  implementation  of  the  national  plan  and  the 
general  secretariat for  the national  plan. 
The  Spanish  constitution  gives  central  government  the 
responsibility  for  general  promotion  and  ·co-ordination  of 
scientific  and  technological  research.  However,  the  17  Autonomous 
Communities  also  have  responsibilities  for  scientific  research 
and  technological  development  and  have  set  up  their  own  bodies 
for  the  planning,  management  and  implementation  of  R&D 
activities.  The  various  ministries  and  research  institutes have 
already  transferred  to  the  Autonomous  Communities  management  and 
implementation  responsibilities  for  several  research units,  while 
maintaining  centralized  planning  and  co-ordination.  However, 
according  to  existing  legislation,  international  relations  are 
the  exclusive  responsibility  of  central  government. 
3.2.  Education  and  training. 
The  recently  adopted  law  on  university  reform  has  created  a  more 
flexible  legal  framework  for  R&D  activities  in universities, 
encouraging  in  particular  contracts  with  private  companies  and 
the  temporary  recruitment  of  research  scientists.  It allows 
research  scientists  who  work  on  contracts  concluded  with  public 
or  private  bodies  to  receive  supplementary  remuneration. 
various  programmes  for  the  training  of  scientific  staff are 
managed  not  only  by  the  Ministry  of  Education  and  Science  but 
also  by  the  Autonomous  Communities,  by  various  ministerial 
departments  and  by  private  foundations. 
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3.3.  R&D  in  undertakings. 
This  sector  Cpublic  and  private  undertakings>  is  responsible  for 
slightly  over  half  the  R&D  carried  out  in  Spain. 
i>  public  undertakings 
In  public  undertakings  most  research  is  done  in  the  Institute 
Nacional  de  Industria  CINil  which  is  an  independent  public 
holding  company  although  it  is  subject  to  economic  policy 
directives laid  down  by  the  government. 
The  two  sectors  with  the  greatest  intensity  in  R&D  are,  first 
the  defence  and  aeronautics  industry  with  efforts  often  taking 
place  in  an  international  co-operation  framework  and  second 
~  the  motor  industry. 
ii>  priyate undertakings 
In  1987,  R&D  expenditure  by  private  companies  represented 
about  0,7  %  of  their  turnover,  but  it was  very  unevenly 
distributed not  only  between  different  sectors  but  also  within 
each  sector. 
Tax  incentives  for  R&D  in  private  companies  consist  of  a 
deduction  of  10%  of  total  R&D  investment  from  the  taxable 
amount. 
deyelopment  programmes  for  companies  known  as 
are  mainly  intended  for  technological 
at  the  pre-competitive  stage.  They  take  two 
The  technological 
"concerted  plans" 
development  projects 
different  forms 
1 ,  Research  is carried  out  by  the  company  that  proposed  the 
project  or  in  co-operation  with  other·  companies  in  that 
case  the  aid  consists  of  an  interest-free  loan  covering  up  to 
50%  of  the  total  cost  of  the  research. 
2.  Research  is  carried  out  in  co-operation  with  public  research 
centres,  in  which  case  funding  may  cover  up  to  50%  of  the  part 
for  which  the  company  is  responsible  and  100%  of  the  part 
carried  out  by  the  public  research  body.  The  total  funding  may 
not  exceed  80%  of  the  total  cost. 
Since  Spain  has  joined  the  Community,  it is  becoming  less  rare 
for  manufacturers  to  invest  jointly  in  R&D  and  technological 
innovation  in  association  with  universities  and  public  research 
centres  and  with  the  benefit  of  state  funding  which  may  be  as 
much  as  70%  of  the  total. 
3.4.  Innoyation. 
The  Centre  for  Industrial  Technological  Development  CCDTil,  is  a 
body  for  the  implementation  and  development  of  the  industrial 
innovation  policy  and,  through  a  number  of  co-operation 
agreements,  has  taken  on  the  role  of  technological  adviser  for 
the  Autonomous  Communities. 
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In  addition  to  several  functions  that  it performs,  it constitutes 
also  a  sort  of  public  bank  specialized  in  loan  operations  on 
extremely  favorable  terms,  to  companies  wishing  to  undertake 
innovation  activities. 
3.5.  Technology  transfer. 
The  ratio  of  technology  imports  to  technology  exports  was  only 
about  24.4~  in·  1986,  and  technology  transfer  expenditure 
represents  0.3~ of  the  GDP,  almost  half  Spain'~  R&D  expenditure. 
A  regulation  enacted  in  1987,  has  liberalized  the  purchase  of 
foreign  technology  and  the  provision  of  foreign  technical 
assistance  for  Spanish  firms  and  abrogated  earlier legislation. 
An  administrative  procedure  of  verification prior  to  transactions 
has  been  set  up  for  statistical  purposes. 
4.  National  Resources. 
4. 1 .  ijuman  Resources  <  1 > 
In  1983,  the  number  of  researchers  per  1000  labour  force  was  1.0. 
In  1987  th~re were  19.000  researchers  <full  tim~ equivalent). 
4.2.  Financial  Resources  <2> 
Gross  Domestic  Product  CGDP>  <at  current  prices  and  exchange 
rates>  :  216.2  Billions  ECU  C1985) 
Gross  Domestic  Expenditure  for  R&D  <GERD>  :  1,444.4  ECU  C1985> 
GERD/GDP  0.53  ~  C1985) 
R&D  Budget  801.7  Mio  ECU  €1986)  C3l 
(1986)  R&D  Budget  I  National  Budget  1.46  ~ 
Strengthening  of  national  defence  is  one 
set  by  the  national  plan  and  this  is  the 
appropriations  represent  5.8  ~  of 
appropriations  in  1987. 
5.  International  cooperation. 
of  the  main  objectives 
reason  that  defence  R&D 
the  total  Government 
Spain  has  concentrated  its  international  co-operation  effort 
mainly  on  Europe  Cboth  bilat~rally,  mainly  with  the  Community 
countries,  some  EFTA  and  COMECON  countries  and  multilaterally 
within  the  large  European  research  organizations  and 
installations>  and  on  the  developing  countries,  especially  the 
Latin  American  countries. 
Spain participates  in all  the  R&D  programmes  of  the  EEC,  in  the 
European  Space  Agency  CESAl,  Airbus  programme,  EUREKA  programme 
<Spain  participates  in  55  EUREKA  projects,  as  of  01.07.88>,  CERN, 
EMBL,  ESRF,  ILL. 
C1  >  Source  PLANICVT 
C2>  Source  OECD 
c  3 >  Source  OSCE 
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S  6  T  IN  UNITED  KINGDOM 
1,  General  policY ObJectives. 
The  three  main  themes  running  through  the  UK  Government's  support 
of  civil  science  and  technology  are  the  importance  of  maintainirig 
and  enhancing  quality  in  science  and  technology  activities; 
increasing  the  economic  and  social  returns  <including  quality  of 
life)  from  science  and  technology;  and  better management,  greater 
concentration  and  selectivity  of  science  and  technology 
activities.  The  Government  has  considerably  strengthened  its 
central  structure. 
2.  priorities. 
Whilst  there  is an  annual  review  of  Government  R&D  Funding  and  in 
future  there  will  be  a  more  centralised  RID  focus  in  the  public 
expenditure  survey,  there  is  no  overall  U.K.  Government  R&D 
budget.  Each  Department  determines  its  individual  R&D  programmes 
in  the  light of  its  own  policy  objectives  and  priorities.The 
Department  of  Education  and  Science  has  overall  responsibility 
for  R&D  in  the  higher  education  sector  and  Research  Councils. 
In  addition,  the  Government  has  begun 
priorities across  Government,  defence 
view  to  increasing  the  contribution  of 
the  efficiency,  competitiveness  and 
United  Kingdom. 
a  searching  review 
as  well  as  civil, 
Government  funded 
innovative  capacity 
of  R&D 
with  a 
Rl!rD  to 
of  the 
Whilst  the  "searching  review  of  R&D  priorities"  is still underway 
it is possible  to  discern  a  number  of  broad  policy  assumptions  as 
suggested  by  the  UK's  Chief  Scientific Adviser.  He  drew  attention 
to  four  broad  assumptions  : 
"- better industrial  and  commercial  exploitation  of  science; 
focussing  Government  support  for  industrial  innovation  on 
technology  transfer: 
adopting  a  more  international  approach  to  R&D; 
contracting out  more  of  the  R&D  which  Government  requires 
for  its  own  purposes  and  further  concentrating  Government's 
intramural  spending  on  fulfilling  an  intelligent  customer 
role." 
and  placed  most  importance  on  achieving  much  better exploitation 
of  UK  science. 
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Table  1 
Breakdown  of  provisional  R&D  budgets  by  gb1ectives  in  1986  and  1981  l~>. 
Objectives  Provisional  budgets 
1986  1987 
Exploration  and  exploitation of  the  earth  1 '7  1 '7 
lnfrastructures  and  general  land-use  planning  1. 4  1. 6 
Control  of  environmental  pollution  0. 7.  1:5 
Protection  and  improvement  of  human  health  3.7  3. 3 
Production,  distribution  and  rational 
utilization of  energy  4.6  3.6 
Agricultural  productivity  and  technology  4.6  4. 3 
Industrial  productivity  and  technology  6.7  9.9 
Social  structures  and  relationships  1. 3  1. 2 
Exploration  and  exploitation  of  space  1. 8  2.6 
Research  financed  from  general  university  funds  1 4. 9  1 5. 3 
Moo-oriented  research  6.8  3.3 
Other  research  0.2  0.5 
--
total  financing  of  civil  R&D  48.4  48.8 
Defence  Sl.  6  51. 2 
Total  financing  100.0  100.0  J 
~:  EUROBfAf  :  Government  financing  of  R&D  in  Community  countries. 
The  changes  in  technological  objectives  taken  as  a  whole  is 
mainly  due  to  the  increases  allocated  to  industry  and  space. 
For  industry,  the  increase  reflects  almost  exclusively  the 
development  of  general  research. 
Space  appropriations  .tend  to  reflect  commitments  under 
multinational  cooperation  programmes. 
In  contrast,  funding  for  energy  research  shows  a  substantial  fall 
which  mainly  affect  nuclear  research  and  in  particular nuclear 
fission  research. 
Finally,  the  reduction  of  more  than  50  ~  in  non-oriented  research 
appropriations  affec~s almost  all  disciplines .. 
3.  Implementation. 
S  & T  structure  has  been  strengthened  by  Government  into  central 
structure within  the  Cabinet  Office  under  the  Prime  Minister  with 
ACOST  as  expanded  advisory  body.  The  Chief  Scientific Advisor 
reports  to  'Prime  Minister.  The  S  & T  Assessment  Office  assists 
Departments,  Research  Councils  and  University  Grants  Committees 
CUGCl  in  evaluating  R&D  expenditure  proposals. 
U.K.  Government 
of  R&D  and  also 
for  R&D.  46.1  ~ 
industry. 
is determined  to  secure  greater  industry  funding 
to  ensure  that  industry  takes  more  responsibility 
of  Gross  Expenditure  on  R&D  in  1985  was  funded  by 
Virtually all  "near-market"  research  initiatives, 
subject  of  commercial  judgement  and  therefore 
responsibility of  industry. 
should  be  the 
should  be  the 
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In  medium  and  long-term  research,  Government  accepts  more 
responsibility;  however  there  is  a  tendency  even  here  to  regard 
research  as  a  long  term  investment  option. 
Basic  research  is  almost  entirely  the  responsibility  of 
Government.  The  Government  also  has  a  major  role  in  funding 
strategic  research,  often  in  collaboration with  groups  of  firms. 
The  Government,  in  its  response  to  the  Education,  Science  and 
Arts  Committee  Report  1986-87,  committed  itself  "to  maintain  and 
enhance  the  strength  and  quality  of  the  science  base". 
Criteria used  on  the  distribution  of  the  science  budget  revised 
in  1987  are  1.  Internal  Factors  of  Excellence  Timeliness  & 
Pervasiveness. 
2.  External  Factors  - Exploitability,  applicability 
and  significance  for  education  and  training. 
3.  Financial  Factors  - Benefits  and  Costs. 
Concentration  of  location  and  subject  is  occurring  due  to 
equipment  expense  and  width  of  modern  research.  Two-thirds  of 
SERC's  research  grants  goes  to  16  universities. 
Emphasis  has  shifted  away  from  individual  project  support  to 
collaborative  research.  Greater  attention  is  also  being  paid  to 
non-project  support  such  as  technology  transfer  schemes. 
4.  National  Resources. 
4.1.  Human  ReSources  in  S.T. 
The  number  of  scientists  and  engineers  engaged  in  research  and 
development  per  million  population  in  1986  is  given  (1)  as  1540 
for  the  U.K.  (2,090  W.  Germany,  3,110  USA,  and  4,440-
Japan>. 
Universities  in  general  in  the  U.K.  tend  to  be  quite  small.  One 
third  of  University  have  less  than  3.000  students.  Approximately 
70  ~  have  less  than  5.000  students.  Only  8  universities,  which 
includes  the  very  large  (London,  Oxford  and  Cambridge>,  have  more 
than  7.000  students. 
Total  members  employed  in  R&D  declined  by  10  ~  from  1981  to  1985 
but  this declined  has  now  been  halted. 
4.2.  General  funding  of  R&D. 
Total  Government  expenditure  on  R&D  in  1985/86  as  set  out  in 
table  2  was  6,745  MECU  which  represents  1.3  ~  of  GDP  in  the  U.K. 
and  3  ~  of  total  Government  expenditure. 
Funding  of  R&D  has  provoked  considerable  debate  in  the  U.K.  The 
universities  and  longer  term  research  projects  have  expressed 
substantial  reservations  about  Government  policy  funding. 
(1)  UNESCO  Statistical  Yearbook. 
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Whil~  some  of  the  reservations  and  criticism  must  be  seen  as 
position  taking  in  advance  of  the  Government  review  there  has 
been  a  growing  undercurrent  of  unease  over  what  is  felt  to  be 
"inadequate  funding  of  S&T". 
Table  2 
Government  Expenditure  on  R&D. 
Out turn  Est.imates 
1984/85  1985/86  1986/87  1987/88 
Total  Civil  Departments  1 • 61 0  1 t  466  1 , 381  1 1369 
Total  Research  Councils  860  788  801  869 
University  Grants 
Council  1,068.2  998  999  1 , 040 
Total  Civil  3,537  3,252  3,185  3,279 
Total  Defence  3,688  3,494  3,331  3,410 
Total  all  Government(netl  7,225  ·6,745  6,518  6,689 
Source  U.K.  Annual  Review  1987. 
5.  International  cooperation. 
There  is  a  clear  and  long  recognised  need  for  the  U.K.  to 
collaborate  internationally  on  technological  matters.  The 
benefits  of  international  collaboration  on  R&D  can  be 
considerable;  costs  per  participant  are  reduced;  the  risks 
associated  with  advanced  technologies  are  more  widely  spread;  new 
markets  are  easier  to  open  and  establish;  or  European  R&D  can 
more  easily  achieve  the  scale  needed  to  compete  with  the  US  and 
Japan. 
The  U.K.  Government  supports  international  collaboration  in  R&D.· 
However,  since  collaboration  can  also  add  costs  the  Government 
must  be  certain  that  collaborativ~ projects  make  the  best  use  of 
scarce  and  valuable  resources. 
The  new  central  structure 
international  collaboration, 
Departments  of  resources. 
will 
including 
address  priorities  for 
the  allocation  between 
A  growing  number  of  U.K.  firms  see  their  future  in  Europe,  partly 
stimulated  by  initiatives like  ESPRIT  and  EUREKA,  and  recognise 
the  importance  of  collaborating  with  other  European  partners  if 
they  are  to  remain  competitive,  open  up  market  opportunities  and 
survive  - perceptions  which,  judging  for  example  by  continuing 
commitment  to  EUREKA,  are  shared  by  firms  and  Governments 
elsewhere.  In  EUREKA,  the  U.K.  are  particularly keen  to  encourage 
U.K.  led  projects.  As  of  July  19SB,  of  EUREKA  list  projects,  the 
U.K.  participate  in  73  projects. 
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EXECUTIVE  SUMMARY 
:_  INTRODUCTION._ . 
ntiS S111DY  WAS  UNDERTAKEN  ON  BEHALF  OF  THE  COMMISSION  OF  THE  EUROPEAN 
COMMUNITIES,  PREPARATORY  TO  THE  INTRODUCTION  OF  A  NEW  COMMUNITY 
INITIATIVE  OF  SCIENCE  AND  TECHNOLOGY  FOR  REGIONAL  INNOVATION  AND 
DEVELOPMENT  IN  EUROPE  (STRIDE},  AIMED  AT  THE  LESS  FAVOURED  REGIONS 
(LFR•S)  OF  THE  COMMUNITY. 
THE  OBJECTIVES  OF  THE  STUDY  WERE  TO  DETERMINE  THE  RELATIVE 
TECHNOLOGICAL  CAPACITY  OF  THE  REGIONS  OF  THE  COMMUNITY  - AND.  IN 
PARTICULAR,  THE  TECHNOLOGICAL  DEFICIT  OF  ITS  LESS  FAVOURED  REGIONS; 
AND,  ALSO,  TO  EVALUATE  INTERNATIONAL  BEST  PRACTICES  FOR  GENERATING 
EFFECTIVE  REGIONAL  TEC&~OLOGICAL CAPACITIES. 
IN  ADDITION,  THE  STUDY  ANALYSED  THE  IMPACTS  OF  EXISTING  COMMUNITY 
SCIENCE  AND  TECHNOLOGY  PROGRAMMES  ON  ITS  LFR'S,  AND  SPECIFIES  THE 
COMPLEMENTARITY  BETWEEN  THESE  PROGRAMMES  AND  THE  PROPOSED  STRIDE 
INITIATIVE. 
THE  ROLE  OF  RESEARCH  AND  TECHNOLOGY  DEVELOPMENT  ( RTD)  IN  FUELLING 
ECONOMIC-GROWTH  AND  MODERNISATION  IS  NOT  DISPUTED,  .EVEN  IF THE  PROCESS 
BY  WHICH  THIS  TAKES  PLACE  IS  COMPLEX,  AND  PRECISE  QUANTIFICATION 
REMAINS  ELUSIVE. 
THE  STUDIES  OF  BL•~ SCIENTISTS  AND  ECONOMISTS  ALL  POINT  TO  THE  SIMPLE 
REALITY  THAT  STRONG  ECONOMIES  ARE  BASED  ON  RESEARCH  AND  TECHNOLOGY. 
RTD  RESEARCH  AND  TECHNOLOGY  DEVELOPMENT  - DESCRIBES  A  COt1PLEX  OF 
ACTIVITIES  RELATED  TO  TilE  GENERATION:  ACQUISITION.  TRANSFER. AND  USE  OF 
TECHNOLOGY.  IT  INCLUDES  RESEARCH.  DEVELOPMENT,  DE1-10NSTRATION. 
TECHNOLOGY  TRANSFER  ru~D TECHNICAL  INNOVATION.  IT  COVERS  THE  SPECTRUM 
OF  KNOWLEDGE  G~~ERATION,  TRANSFER  AND  APPLICATION. 
R&D  INTENSIVE  INDUSTRIES  ARE  INNOVATIVE,  PRODUCE  MORE  NEW  PRODUCTS, 
HAVE  HIGHER  LEVELS  OF  PRODUCTIVITY,  EXPAND  THEIR  EMPLOYMENT  BASE  :-tORE 
RAPIDLY  AND  ULTIMATELY  ARE  MORE  COMPETITIVE  THAN  TRADITIONAL  AND  LOW 
TECHNOLOGY  BUSINESSES. 
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FOR  THESE  REASONS  TltE  STRONG  NATIONS  IN  EUROPE  AND  THE  WORLD,  CONTINUE 
TO  INVEST  HEAVILY  IN  RTD. 
IN  MORE  GENERAL  TERMS,  IT  IS  ACCEPTED  THAT  STRONG  NATIONAL  ECONOMIES 
ARE  BASED  ON  STRONG  LOCAL  ECONOMIES.  IT  IS  ALSO  AGREED  THAT  THE 
REGIONAL  ECONOMY,  NO  LESS  THAN  THE  NATIONAL  OR  INTERNATIONAL  ECONOMY, 
NEEDS  A  CONTINUOUS  PROCESS  OF  TECHNICAL  CHANGE  AND  INNOVATION. 
THE  DYNAMICS  OF  THIS  PROCESS  WILL  VARY  BETWEEN  REGIONS.  THE 
TECHNOLOGY  ACQUISITION  BEHAVIOUR  OF  LOCAL  ENTERPRISES,  THEIR  SOURCES 
OF  SUPPLY  AND  MODES  OF  ACCESS  TO  TECHNOLOGY  WILL  REFLECT  THE  UNIQUE 
RTD  ENVIRONMENT  OF THE  REGION.  BUT,  IMPROVEMENTS  IN  THE  QUALITY  · OF 
THIS  ENVIRONMENT  FOR  LOCAL  ENTERPRISES,  EITHER  IN  LOCAL  RTD  GENERATING 
CAPACITY,  OR  IN  THE  TECHNOLOOY  TRANSFER  AND  ASSIMILATION  CAPABILITIES 
OF  THE  REGION  WILL,  CETERIS  PARIBUS,  HELP  THE  ECONOMIC  PERFORMANCE  OF 
LOCAL  ENTERPRISE  AND  HENCE  IMPROVE  REGIONAL  AND  NATIONAL  ECONOMIC 
PERFORMANCE. 
THE  ECONOMIC  PERFORMANCE  OF  A  REGION  IS ,  THEREFORE,  A  REFLECTION  OF 
WHETHER  ITS  ENTERPRISES  ARE  TECHNOLOGICALLY  INNOVATIVE  AND 
I 
DYNAMICALLY  GROWING,  OR·  TECHNOLOGICALLY  BACKWARD  AND  DECLINING. 
HOWEVER,  THE  COMPLEX  NATURE  OF  THE  DEVELOPMENT  PROCESS  OF  . REGIONS 
•, 
MEANS  ntAT  A  CONFLUENCE  OF  MANY  RTD  FACTORS  IS  REQUIRED.  ISOLATED  RTD 
ELEMENTS  .WILL,  IN  GENERAL,  NOT  BE  SUFFICIENT.  THIS  IS  THE 
INTERNATIONAL  EXPERIENCE. 
THE  ROLE  OF  TECHNOLOGY  IN  THE  DEVELOPMENT  OF  REGIONS  HAS  BECOME 
INCREASINGLY  RECOGNISED  IN  RECENT  YEARS.  THIS  REPORT  SHOWS  THAT  AS  A 
CONSEQUENCE,  THERE _HAS  BEEN  AN  EXPLOSION  OF  INITIATIVES  AIMED  AT  ----- ---- ---~-------------------------------------
RAISING  THE  RTD  POTENTIAL  OF  REGIONS  IN  COUNTRIES  SUCH  AS  THE  USA  AND 
JAPAN. 
IN  THE  U.S.  MANY  STATES  TRY  TO  REPLICATE  LOCALLY  THE  RESULTS  OF  ROUTE 
126,  THE  RESEARCH  TRIANGLE  OF  NORTH  CAROLINA  AND  SILICON  VALLEY.  OVER 
40  STATES  NOW  HAVE  LOCALLY  DRIVEN  RTD  PROG~~S. 
A  UNIQUELY  JAPANESE  .EXPERIMEr·n  - TECHNOPOLIS  - IS  DESIGNED  TO 
DECENTRALISE  TECHNOLOGY  AND  TO  BUILD  STRONG  SELF-STANDING  TECHNOLOGY 
BASED  LOCAL  ECONOMIES  OUTSIDE  THE  MAIN  CITIES  OF  TOKYO  AND  OSAKA. 
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IT  IS  NOT  AIMED  SIMPLY  AT  ATTRACTING  INDUSTRY  TO  REGIONS,  IT  IS 
DESIGNED  TO  ACHIEVE  TilE  MAXIMUM  DEVELOPMENT  OF  EACH  REGION'S  EXISTING 
RESOURCES  AND  SPECIALISATIONS. 
THERE  ARE  NOW  18  RECOGNISED  TECIINOPOLIS  REGIONS  IN  JAPAN.  EACH  WITH 
IT'S OWN  INTEGRATED  TECHNOLOGY  BASED  DEVELOPMENT  PROGRAMME 
IN  CONTRAST,  EUROPE  LAGS  BEHIND. 
THERE  ARE  SOME  EXCEPTIONS,  HOWEVER.  FRANCE,  FOR  EXAMPLE,  HAS  A LONG 
ESTABLISHED  POLICY  OF  REGIONALISATION  OF  RTD.  IN  ADDITION,  THERE  IS  A 
NOTICEABLE  TREND  TOWARDS  SPECIFIC  REGIONAL  RTD  INITIATIVES  EMERGING  OF 
LATE  WITHIN  CERTAIN 'MEMBER  STATES  NOTABLY  ITALY,  AT  BARI  IN  PUGLIA, 
GREECE,  AT  HERAKLION  IN  CRETE,  DENMARK  AT  HIRTSHALS  IN  NORTH  JYLLAND, 
SPAIN.AT  CADIZ  IN  ANDALUCIA  AND  IN  THE  SOUTH  EAST  REGION  OF  IRELAND. 
OTHERS  ARE  DESCRIBED  IN  THE  REPORT. 
BUT  THESE  EXCEPTIONS  APART.  THE  NATIONAL  GOVERNMENTS  OF  MEMBER  STATES 
HAVE  NOT  TO  ANY  SIGNIFICANT  EXTENT  RECOGNISED  THE  NEED  FOR  A  STRONG 
REGIONAL  DIMENSION  IN  NATIONAL  SCIENCE  AND  TECHNOLOGY  POLICIES.  AND 
WHILE  MUCH  OF  THE  NATIONAL  RTD  INFRASTRUCTURE  MAY  BE  REGIONALLY 
LOCATED,  IT'S ORIENTATION  IS  BY  AND  LARGE  NATIONAL  AND  INTERNATIONAL. 
THE  REPORT,  THEREFORE,  MAKES  THE  CASE  FOR  A NEW  APPROACH  TO  SCIENCE 
I 
POLICY  - WHAT  MIGHT  BE  TERMED  'MICRO  SCIENCE  POLICY'  - WHICH  WOULD  BE 
FIRMLY  FOCUSSED  ON  THE  REGION  AS  THE  UNIT  OF  ACTION. 
SUCH  MICRO  SCIENCE  POLICY  WOULD  BE  DIRECTED  TOWARDS  THE  MORE  ORGANIC 
DETERMINANTS  OF  REGIONAL  DEVELOPMENT,  SUCH  AS  HUMAN  AND  INTELLECTUAL 
RESOURCES,  SKILLS,  RESEARCH,  TECHNOLOGICAL  CAPAC.ITY  AND  INNOVATION, 
AND  WOULD  SEEK  TO  ESTABLISH  A SELF-GENERATING  DYNAMIC  IN  A REGION. 
THIS  TYPE  OF  UPGRADING  OF  REGIONAL  POLICY  HAS  BECOME  AN  IMPORTANT 
POLICY  DEBATE  IN  RECENT  TIMES  AND,  IN  PART,  REFLECTS  A CONCERN  ABOUT 
THE  ABILITY  Of  INDUSTRIAL  POLICY  TO  ASSIST  DEVELOPMENT  OF  PERIPHERAL 
AND  DISADV~~AGED REGIONS  If  IT  CONTINUES  TO  FOCUS  ON  INDUSTRIAL 
LOCATION  STRATEGIES. 
·COHESION 
WlllHN  TilE  COI'IMUNITY,  TECIINOLOGlCAL  ADV~'ICE  CA:~  MAKE  A i'tAJOR 
CONTRIBUTION  TO  BRINGING  ABOUT  GREATER  ECONOMIC  CONVERGENCE  AND 
COHESION  BETWeEN  ~~ER  STATES  AND  REGIONS. 
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BUT,  THE  BULK  OF  THE  COMMUNITY'S  RTD  RESOURCES  ARE  CONCENT.RATED  IN  THE 
CENTRAL  OR  CORE  REGIONS  ~D IN  TilE  LARGER  AND  STRONGER  MEMBER  STATES. 
THE  PERIPHERAL  AND  LESS  FAVOURED  REGIONS  HAVE  A  LOWER  LEVEL  OF 
INVESTMENT  IN  RTD,  HAVE  WEAKER  RTD  INFRASTRUCTURE  AND  OTHER  RELATED 
INSTITUTIONAL  RESOURCES  AND  ARE  SLOW  TO  ADOPT  NEW  TECHNOLOGY  AND  TO 
INNOVATE.  THE  CORE  REGIONS  DOMINATE  IN  THE  INTRODUCTION  OF  NEW 
TECHNOLOGY  WHILE  PERIPHERA~  REGIONS  ARE  THE  LATE  ADOPTERS.  MORE 
FUNDAMENTALLY  THEY  LACK  A  VIGOROUS  TECHNICAL  AND  ENTREPRENEURIAL 
CULTURE. 
THIS  STUDY  DEVELOPS  A  NUMBER  OF  NEW  INDICES  WHICH  REVEAL  THE  EXTENT  OF 
TilE TECHNOLOGICAL  DISPARITIES  WHICH  EXIST  WITHIN  THE  COMMUNITY,  AND 
WHICH  ARE  NOW  A  SERIOUS  OBSTACLE  TO  ACHIEVING  COHESION  AND 
INTEGRATION. 
THESE  DISPARITIES  EXIST  BOTH  BETWEEN  MEMBER  STATES  AND  BETWEEN  THE 
REGIONS  OF  MEMBER  STATES. 
ALMOST  ALL  ntE FACTORS  WHICH  DRIVE  TECHNOLOGICAL  DEVELOPMENT,  FAVOUR 
TilE  CORE  REGIONS  - COMMUNICATIONS,  INFRASTRUCTURE,  ACCESS  TO  SKILLS 
AND  MARKETS,  INFORMATION  AND  SERVICES  AND  MANY  OTIIERS. 
THIS  IS  A  CUMULATIVE  PROCESS.  AN  AGGLOMERATIVE  DYNAMIC  TAKES  OVER 
ONCE  A  CRITICAL  MASS  IS  REACHED;  THE  STRONG  GET  EVEN  STRONGER. 
THIS  NATURAL  TENDE.~CY OF  RTD  TOWARDS  AGGLOMERATION  REINFORCES  EXISTING 
DISPARITIES  AND  MAKES  THE  PERSISTENT  LOW  LEVEL  EQUILIBRIUM  OF  THE  LESS 
FAVOURED  REGIONS  (LFR'S}  MORE  ENDEMIC  AND DIFFICULT  TO  BREAK. 
DISTORTIONS  AND  DISPARITIES  IN  THE  COMMUNITY'S  RTD  CAPABILITIES  ARE 
THUS  BECOMING  DEEPROOTED.  THIS  IS  CREATING  BARRIERS  TO  LESS  FAVOURED 
REGIONS  ENTERING  AND  SHARING  THE  DOMAIN  OF  MODERN  TECHNOLOGY  BASED 
TRADE  AND  COMMERCE  IN  THE  COMMUNITY. 
DISPARITIES  WILL  WIDEN  AS  TECHNOLOGY  ADVANCES,  AND  THESE  COULD  BECOME 
A  PERSIST~VT AND  P~VENT  fEATURE  Of  fUTURE  ECONOMIC  PROGRESS  IN  THE 
COMMUNITY,  SLOWING  DOWN  THE  OVERALL  RATE  OF  ADVANCE. 
TilE  DRIVE  TOWARDS  A  TECHNOLOGICAL  COt-1i"tUNITY  I-1AY  THEREFORE  LEAVE  MANY 
STAI>IDING  STILL.  IN  THE  LONG  TERM,  THE  PROGRESS  OF  ALL  WILL  BE  RETARDED 
UNLESS  POSITIVE  ACTION  IS  TAKEN  TO  INFLUE.~CE THE  NATURAL  AGGLOMERATIVE 
~~D CLUSTERING  TENDE.VCIES  OF  TECHNOLOGICAL  DEVELOPMENT. 
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·.  -TECHNOLOGY  GAPS 
TillS  REPORT  QUANTIFIES,  FOR  THE  FIRST  TIME  AT  REGIONAL  LEVEL,  THE 
SIZE  AND  EXTENT  OF  11fE  TECHNOLOGY  CAPS  WHICH  HAVE  EMERGED  BETWEEN  THE 
PERIPHERAL/LESS  FAVOURED  REGIONS  AND  THE  MORE  DEVELOPED  PARTS  OF  THE 
COMMUNITY. 
ntE EVIDENCE  WHICH  HAS  BEEN  ASSEMBLED  POINTS  INDISPUTABLY  TO  THE  NEED 
FOR  NEW  COMMUNITY  POLICIES  FOR  THE  TECHNOLOGICAL  DEVELOPMENT  OF  THE 
PERIPHERAL  AND  LESS  FAVOURED  REGIONS. 
LESS  FAVOURED  MEMBER  STATES  REPRESENT  ONLY  10%  OF  THE  RLD  ACTIVITY  IN 
, THE  COMMUNITY,  WHILE  THEY  REPRESENT  40%  OF  ITS  POPULATION.  THEY  TEND 
TOWARDS  TECHNOLOCiiCAL  DEPENDENCY.  HAVE  WEAK  RTD  INFRASTRUCTURES  AND 
HAVE  A  POOR  RTD  UTILISATION  CAPACITY  IN  THEIR  INDUSTRIES. 
THE  DANGERS  OF  A  'TWO-SPEED'  COMMUNITY  ARE  EVIDENT.  DIFFERENTIATED 
INITIATIVES  FOR  THE  LFR' S  ARE  JUSTIFIED.  BUT.  CAREFULLY  BALANCED 
COMMUNITY  PROCRA&'tMES  WILL  BE  REQUIRED  IN  ORDER  TO  AVOID  A  PERSISTENCE  . 
OF  ntE TECHNOLOGICAL  CAP  BETWEEN  LESS  FAVOURED  AND  MORE  FAVOURED 
MEMBER  STATES. 
THE  AVAILABLE  EVIDENCE  SHOWS  THAT  THE  MOST  TECHNOLOGICALLY 
DISADVANTAGED  REGIONS  ARE  PORTUGAL,  GREECE,  SPAIN,  IRELAND  AND  THE 
REGIONS  OF  SOUTHERN  ITALY. 
I 
MANY  REGIONS  HAVE  AU-tOST  ZERO  RTD  CAPACITY.  THEIR  TECHNOLOGY  LEVEL 
CAN  BE  A  FACTOR  OF  100 TIMES  LOWER  THAN  THAT  OF  MORE  DEVELOPED  CORE 
REGIONS  (SEE  . MAPS  SHOWING  THE  REGIONAL  DISTRIBUTION  OF  CROSS 
EXPENDITURE  ON  R&D  AS  A  PERCENTAGE  OF  GOP.  AND  BUSINESS  EXPENDITURE  ON 
R&D  AS  A  PERCENTAGE  OF  CROSS  VALUE  ADDED). 
THE  SCALE  OF  THE  TECHNOLOGICAL  GAP  IS  ESTIMATED  AT  7  BILLION  ECU  PER 
ANNUM.  THIS  INDICATES  THE  LEVEL  OF·  ADDITIONAL  ANNUAL  INVESTMENT  WHICH 
LESS  FAVOURED  ~ER  STATES  WOULD  REQUIRE  IN  R&D  TO  REACH  AVERAGE 
COMMUNITY  LEVELS. 
A  CAP  OF  THIS  MAGNITUDE  S~GGESTS THAT  SOLUTIONS  WILL  BE  LONG-TERM. 
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409 IN  ALL  CASES  THE  TECHN0LOGY  GAP  IS  CONSIDERABLY  WIDER  THAN  THE 
ECONOMIC  GAP .  FOR  GREECE,  FOR  EXAMPLE,  TilE  TECHNOLOGY  GAP  IS  ALMOST 
TEN  TIMES  THE  ECONOMIC  GAP.  YET,  IT  .IS  THE  ECONOMIC  GAP  WHICH  IS 
FORMALLY  RECOGNISED  IN  COMMUNITY  POLICIES.  THE  SYMPTOMS  ARE  TREATED, 
BUT  NOT  THE  CAUSE. 
TillS  REPORT  PRESENTS  THE  CASE  FOR  FORMAL  ACKNOWLEDGEMENT  OF  THE 
EXISTENCE  OF  TECHNOLOGICAL  DISPARITIES  AND  FOR  THE  ESTABLISHMENT  OF 
NEW  COMMUNITY  RTD  POLICIES  AND  PROGRAMMES  TO  ADDRESS  THEM. 
A CONTRAST  OF  THE  ECONOMIC  AND  TECHNOLOGICAL  GAPS  OF  ITALY,  IRELAND, 
SPAIN,  PORTUGAL  AND  GREECE,  AS  A GROUP,  IS  SHOWN 'OVERLEAF. 
EXISTING COMMUNITY  S&T  PROGRAMMES'·· 
CURRENT  COMMUNITY  SCIENCE  AND  TECHNOLOGY  POLICIES  AND  PROGRAMMES  ARE 
BASED  ON  EXCELLENCE,  AND  ARE  AIMED  AT  COMMUNITY-WIDE  PROBLEMS.  THEY 
ARE  tlQ!  DIRECTED  TOWARDS  STIMULATING  REGIONAL  DEVELOPMENT  OR  REDUCING 
REGIONAL  DISPARITIES. 
I 
MONIES  ALLOCATED  FOR  COMMUNITY  RTD  ~ONLY  A SMALL  PROPORTION  OF  TilE 
TOTAL  RTD  EFFORT  IN  MEMBER  STATES,  REPRESENTING  LITTLE  MORE  THAN  1%  OF 
NATIONAL  R&D  SPENDING. 
THE  POTENTIAL  BENEFITS  FOR  LFR' S  FROM  COMMUNITY  PROGRAMMES  MUST  BE 
CONSIDERED  IN  TIUS  CONTEXT. 
NONETHELESS  COMMUNITY  RTD  PROGRAMMES  OFFER  MANY  OPPORTUNITIES  TO 
LFR'S.  IN  PARTICULAR  THEY  OFFER  ACCESS  TO  A CONSIDERABLE  VOLUME  OF 
RESEARCH  AND  ARE  A  VALUABLE  SOURCE  OF  CONTACTS  WITH  EXPERTISE  AND 
INFORMATION  IN  OTHER  REGIONS.  ALSO,  THE  PSYCHOLOGICAL  AND  ATTITUDINAL 
BS~EFITS  ASSOCIATED  WITH  PARTICIPATION  IN  COMMUNITY  RTD  MAY  BE  AS 
IrWORTANT  TO  LFR'S  AS  THE  MORE  OBVIOUS  AND  DIRECT  FINANCIAL  GAIN  AND 
PREFERS~TIAL ACCESS  TO  RESULTS. 
PARTICIPATION  IN  LINKAGES  AND  NETWORKS  THROUCII  INVOLVEMENT  IN  THE 
FRAMEWORK  PROG~~  AND  INDEED  IN  OTHER  PROGRAMMES  SUCH  AS  SPRINT, 
FOR  ~~LE. IS  PARTICULARLY  I~ORT~~ FOR  PERIPHERAL  REGIONS  {SEE  FIG 
2  FOLLOWING). 
·MAP  5  FOLLOWING  ILLUSTRATES  THE  REGIONAL  DISTRIBUTION  PER  CAPITA  OF 
OVER  7.000  COM:'ruNITY  RTD  CONTRACTS. 
410 Technological and Econanic Gaps of  Italy, 
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.. PARTICIPATION  BY  LFR'S  HAS  BEEN  STRONGEST  IN  PROGRAMMES  RELATED  TO 
NATURAL  RESOURCES  AND  ENERGY,  llliT  HAS  BEEN  WEAK  IN  THE  CORE  TECHNOLOGY 
PROGRAMMES  AND  HAS  INVOLVED  INDUSTRY  ONLY  TO  A LIMITED  EXTENT. 
STRIDE  COULD  ENHANCE  THE  BENEFITS  TO  LFR' S  BY  STRENGTHENING  THE 
CAPACITY  TO  PARTICIPATE  IN  COMMUNITY  PROGRAMMES  AND  BY  DEVELOPING  THE 
CAPABILITY  TO  ACCESS  AND  UTILISE  THE  RESULTS  OF  THE  COMMUNITY 
RESEARCH,  PARTICULARLY  BY  SMALL  AND  MEDIUM  SIZED  ENTERPRISE  (SME'S). 
SPECIFICALLY,  PARTICIPATION  COULD  BE  ENHANCED,  FOR  EXAMPLE,  BY:-
•  A  REGIONAL  SOURCE  OF  INFORMATION  ON  FORTHCOMING  COMMUNITY  RTD 
PROGRAMMES  AND  ON  POTENTIAL  TRANSBORDER  PARTNERS  AND  SOURCES  OF 
EXPERTISE 
•  A  REGIONAL  FOCUS  OR  CENTRE  CAPABLE  OF  ASSISTING  IN  THE 
FORMULATION  OF  PROJECT  PROPOSALS 
•  DEVELOPMENT  OF  THE  EXCELLENCE  AND  CRITICAL  MASS  NECESSARY  TO  BE 
REGARDED  AS  A POTENTIAL  PARTNER  IN  COMMUNITY  RTD  PROGRAMMES 
•  FOCAL  POINTS  OR  CENTRES  CAPABLE  OF  ASSISTING  THE  MORE  EFFECTIVE 
DISSEMINATION  OF  INFORMATION·  ON  THE  RESULTS  OF  COMMUNITY  RTD 
PROGRAMMES 
•  CENTRES,  INCLUDING  WITHIN  COMPANIES,  CAPABLE  OF  DEMONSTRATING 
TECHNOLOGY  DEVELOPED  BY  COMMUNITY  RTD  PROGRAMMES 
•  DEMONSTRATION.PROGRAMMES  ALONG  THE  LINES  OF  THE  EXISTING  ENERGY 
DEMONSTRATION  PROGRAMMES  BUT  FOCUSSING  ON  NOVEL  APPLICATIONS  OF 
TECHNOLOGIES  DEVELOPED  BY  OTHER  COMMUNITY  RTD  PROGRAMMES  AND  OF 
PARTICULAR  RELEVANCE  OF  LFR' S 
•  . COMMUNITY  FACILITIES:  w~EN  A  NEW  RTD  OR  TEST  FACILITY  IS 
~~ISAGED, CONSIDERATION  COULD  BE  GIVEN  TO  THE  POSSIBILITY  OF 
SITING  THIS  IN  AN  LFR,  ASSUMING  THIS  IS  COMPATIBLE  WITH  THE 
DEVELOPMENT  STRATEGY  OF  THE  LFR  AND  WITH  THE  REQUIREMENTS  OF  THE 
MORE  ADVANCED  REGIONS 
•  NETWORKS  Of  REGIONAL  TECHNOLOGY  CENTRES  FACILITATING  LINKAGES 
BETh~EN LFR'S,  ENCOURAGING  EXC~~NGE  Of  ~XPERIENCE,  COOPERATIVE 
ACTIVITIES  AND  TRANSFER  OF  COMMUNITY  RTD.  ESTABLIS~~  Of 
LINKS  WITH  EXISTING  E.C.  PROGRAMMES  IN  THIS  AREA,  PARTICUL\RLY 
SPRINT,  AND  TiiE  NEW  SME  ACTION  PROGRAMME. 
414 STRIDE  SUPPORT  FOR  RTO  INFRASTRUCTURE  WOULD  PROVIDE  A  PARTICULARLY 
EFFECTIVE  COMPLEMENTARY  ACTION. 
ENHANCED  UTILISATION  OF  RESULTS  COULD  BE  ASSISTED  BY 
•  DEVELOPMENT  OF  DEMONSTRATION  PROGRAMMES 
•  IMPROVED  INTER  AND  INTRA  REGIONAL  LINKAGES  AND  NETWORKS 
•  STRENG11fENING  OF  REGIONAL  RTD  CAPABILITY 
THE  POSSIBILITY  OF  INFRASTRUCTURAL  FACILITIES  SERVING  A  NUMBER  OF 
LFR' S  SHOULD  BE  CONSIDERED.  FACILITIES  WHICH  ENABLED  RTD  COOPERATION 
ON  PROBLEMS  OF  PARTICULAR  INTEREST  TO  A  NUMBER  OF  LFR 'S  WOULD  ALSO  BE 
OF  VALUE. 
OVERALL,  A  SIGNIFICANT  ADVANCE  IN  THE  CLOSER  LINKING  OF  STRUCTURAL 
POLICIES  WITH  SCIENCE  AND  TECHNOLOGY  POLICIES  WITHIN  THE  COMMISSION 
COULD  BE  MADE  BY  HELPING  TO  IMPROVE  THE  BASIC  TECHNOLOGICAL 
INFRASTRUCTURE  OF  THESE  REO IONS.  THIS  OUCHT  TO  BE  A  PRIMARY  OBJECTIVE 
OF  THE  NEW  ~ULATION. 
REGIONAL  RTD  . MECHANISMS 
THIS  REPORT  PROPOSES  NEW ·STRUCTURAL  MEASURES  SPECIFICALLY  TARGETTEO  AT 
IMPROVINCl  1liE  TECHNOLOGICAL  INFRASTRUCTURES  AND  · NETWORKS  OF  THE 
DISADVANTACED  AND  LESS  FAVOURED  RECIONS. 
THESE  COMPRISE  A  RANGE  OF  RTO  MEASURES  IN  6  BROAD  CATEGORIES,  AS 
FOLLOWS:-
•  RESEARCH  AND  ADV  A.~  CEO  TECHNOLOGY  DEVELOPMENT: 
•  HICHER  EDUCATION-INDUSTRY  LINKACES: 
•  TECHNICAL  EDUCATION  AND  SKILLS  DEVELOPMENT: 
•  APPLIED  RESEARCH  AND  TECHNOLOGY  TRANSFER: 
•  ENTREPR~~URSHIP ASSISTANCE: 
·  •  RTD  PROMOTION  .-\NO  TECHNICAL  AWARENESS. 
SEE  TABLE  7.1  FOLLOWING. 
415 TABLE  ].1  MIN  CATEGORIES  OF  RTD  MECHANISriS 
A  RESEARCH  AND  ADVANCED  TECHNOLOGY 
'Leading  edge'  facilities  primarily  concerned  with  the 
generation  of  knowledge,  as  distinct  from  its  immediate 
application,  and  mostly,  though  not always,  located on  or  in 
close ptoximity to  a  first  class  University.  Non-physical 
support  schemes  for  basic or  fundamental  research  would  be 
included. 
B  HIGHER  EDUCATION  - INDUSTRY  LINKAGES 
Mechanisms  and  programmes  with  the  primary aim of encouraging 
and  promoting  closer interaction and·partnerships  between  3rd 
level Colleges  and  industry. 
C  TECHNICAL  EDUCATION  AND  SKILLS  DEVELOPMENT 
Facilities for  technological  education  and  training,  provision 
and  upgrading of specialist skills for scientists and  engineers 
and preferential encouragement  for  industry to employ scientists 
and engineers. 
D  APPLIED  RESEARCH  AND  TECHNOLOGY  TRANSFER 
Mechanisms  and  programmes  to assist or promote  the  transfer  and 
applications  of  technology.  The  orientation  is essentially 
applied  and  developmental,  with  the  emphasis  on  practical 
applications. 
E  ENTREPRENEURSHIP  ASSISTANCE 
A wide  range of 
small  business 
mechanisms  exist  to  help  the entrepreneur or 
bring new  ideas  to  the  market.  These  provide 
business  and  commercial  services  and  training  to start up 
entrepreneurs  who  have  the  technology  but  have  difficulty  in 
organising and  paying  foe- other s.ervices. 
F  RTD  PROMOTION  ~~D TECHNICAL  AWAR~~ESS 
Programmes  and  mechanisms  to  improve  technical  awareness  and 
· appreciation  with 
·industry  .generally 
technology. 
the  aim  of  encouraging  manufacturers  and 
to  modernise  and  upgrade  their level  of 
416 WITifiN  THESE  6  CATEGORIES  A TOTAL  OF  56  INDIVIDUAL  RTD  MECHANISMS  WERE 
IDENTIFIED.  CONSOLIDATING  THESE  MECHANISMS  INTO  A CORE  CROUP  PRODUCED 
THE  FOLLOWING  10  'PHYSICAL'  AND  10  'NON  PHYSICAL'  MECHANISMS. 
PHYSICAL  RTD  MECHANISMS 
•  CENTRES  OF  EXCELLENCE 
•  SCIENCE  PARKS 
•  UNIVERSITY-INDUSTRY  RESEARCH  CENTRES 
•  CAMPUS  COMPANIES 
•  INDUSTRIAL  LlAISON  OFFICES 
•  APPLIED  RESEARCH  AND  TECHNOLOGY  CENTRES 
•  BRANCH  PLANT  PROGRAMMES 
•  TECHNICAL  INFORMATION  CENTRES 
e  INNOVATION  CENTRES 
•  RESEARCH  EQUIPMENT  SCHEMES 
NON  PHYSICAL  RTD  MECHANISMS 
•  COOPERATIVE  RESEARCH  SCHEMES 
•  SKILLS  PLACEMENT 
•  CONTINUING  TECHNICAL  EDUCATION  AND  TRAINING 
•  MOBIUTY  AND  EXCHANGE  PROGRAMMES 
•  DEMONSTRATION 
•  RTD  EXTENSION.AND  CONSULTANCY 
•  ~RENEURSHIP  TRAINING 
•  TECHNICAL  AWARENESS  PROGRAMMES  . 
•  NE'IWORKS 
•  SUB-CONTRACTING  AND  SUB-SUPPLY 
·. APPROPRIATE  RTD.  MECHANISMS 
SELECTING  THE  MOST  APPROPRIATE  INSTRUMENTS  OR  MODALITIES  - THE  RTD 
MECHANISMS  - TO  MATCH  DIFFERENT  REGIONAL  CAPABILITIES  IS  VERY 
IMPORTANT,  IF MONIES  ARE. TO  BE  WELL  SPENT. 
THIS  SELECTION  MUST  BE  BASED  ON  A  PRECISE  ASSESS~ffNT  OF  LOCAL 
CONDITIONS  AND  CIRCUMSTANCES.  IN  THIS  PROCESS  IT  IS  ESSENTIAL  THAT 
CONSIDERABLE  AUTONOMY  IS  ALLOWED  TO  THE  REGIONS  THEMSELVES. 
417 THIS  REPORT  DEMONSTRATES  A  WIDE  VARIATION  IN  REGIONS'  RTD  CAPACITY. 
THE  CAPABILITY  TO  ABSORB  RTD  THEREFORE,  AND  THE  SPEED  AT  WHICH  THIS 
CAPABILITY  CAN  BE  BUILT  WILL  VARY  BETWEEN  REGIONS. 
REGIONS  HAVE  TO  FIND  THEIR  OWN  PATHS  TO  PROGRESS  - THEIR  'VOCATION 
REGIONAL£'  - BUILDING  ON  THEIR  RTD  STRENGTHS,  AND  WITH  A  REALISTIC 
ASSESSMENT  OF  WHAT  IS  POSSIBLE.  RATHER  THAN  WHAT  MIGHT  BE  DESIRABLE. 
BUT  THIS  LOCAL  AUTONOMY  WILL  BE  BEST  EXERCISED  WITHIN  THE  FRAMEWORK  OF 
GENERAL  GUIDELINES  WHICH  CAN  BE  PROPOSED  IN  ORDER  TO  ASSIST  REGIONS  IN 
MATCHING  MECHANISMS  TO  REGIONAL  NEEDS  AND  TO  REGIONAL  TYPES. 
FOR  EXAMPLE.  THE  KEY  FAcroRS  OR  CONSIDERATIONS  WHICH  SHOULD  BE  ·TAKEN 
INTO  ACCOUNT  IN  SELECTING  MECHANISMS  ARE  IDENTIFIED  IN  THE  REPORT. 
BASICALLY.  THESE  FALL  INTO  TWO  GROUPS:-
•  . FACTORS  KNOWN  TO  INFLUENCE  THE  PERFORMANCE  AND  EFFECTIVENESS  OF 
THE  MECHANISM  ITSELF.  E.G.  ITS  SENSITIVITY  TO  DISTANCE  FROM 
CLIENTS.  AND 
•  FEATURES  OF  THE  LOCAL  RTD  LANDSCAPE  WHICH  WILL  INFLUENCE  THE 
REGIONS  ABILITY  TO  INSTALL  AND  EFFECTIVELY  OPERATE  PARTICULAR 
MECHANISMS,  E.G..  THE  COMPOSITION  AND  AVAILABILITY  OF  LOCAL 
SKILLS.  THE  STRUCTURE  OF  LOCAL  INDUSTRY.  PARTICULARLY  THE 
PRESENCE  OF  SHE'S. 
THE  PROBLEMS  FACING  SME'S  IN  THE  TECHNOLOGY  ARENA  ARE  PARTICULARLY 
ACUTE.  AND  VERY  IMPORTANT  IN  CONTEXT  OF  THIS  STUDY.  BECAUSE  OF  THEIR 
ROLE  IN  THE  ECONOMIES  OF  THE  LFR' S.  INTERNALLY,  THEY  WILL  TEND  TO 
HAVE  LOW  SKILLS,  POOR  APPRECIATION  OF  TECHNOLOGY  AND  LIMITED  CAPACITY 
TO  ACCESS  EXTERNAL  SOURCES  OF  TECHNICAL  ASSISTANCE. ·  BUILDING  IN-HOUSE 
RTD  CAPACITY  IN  SME' S  IS  CRUCIAL  BUT  MUST  PROCEED  ON  A  CAREFULLY 
PLANNED  AND  STRUCTURED  BASIS. 
COMMISSION  PROGRAMMES  ARE  _ E.'1ERGING  WHICH  CAN  COMPLEMENT  STRIDE, 
PARTICULARLY  THE  SPRINT  PROGRAA'11'1E,  THE  BIC  PROGRAMME  OF  DGXVI  ITSELF, 
AND  THE  NEW  SME  ACTION  PlAN.  ESTABLISHING  APPROPRIATE  LINKAGES 
B~~EN  ALL  THESE  INITIATIVES  WILL  BE  IMPORTANT. 
IN  SELECTING  RTD  MECHANISMS  REGIONS  ARE  ADVISED  TO  ADOPT  A  PORTFOLIO 
APPROACH.  THERE  IS  NO  SINGLE  RTD  MECHANISM  WHICH  WILL  MEET  ALL 
REQUIREMENTS. 
418 PORTFOLIOS  OF  RTD  MECHANISMS  APPROPRIATE  TO  PARTICULAR  REGIONAL 
SI11JATIONS  ARE  SUGGESTED  IN  THE  REPORT,  FOR  EXAMPLE,  FOR  REGIONS: 
•  WITif  A  CONCENTRATION  OF  SMALL  CRAFT  FIRMS,  OR  SME' S; 
e  WITH  A  CONCENTRATION  OF  LOW  TECHNOLOGY  INDUSTRY; 
•  WISHING  TO  STUtULATE  A  HIGH  RATE  OF  NEW  FIRM  FORMATION. 
THE  DATA  PRODUCED  IN  THE  REPORT  SHOWS  THAT  NOT  ALL  REGIONS  HAVE  THE 
CAPACITY  TO  MAKE  FULL  USE  OF  THE  WHOLE  RANGE  OF  AVAILABLE  RTD 
MECHANISMS.  SELECTIVITY  WILL  BE  REQUIRED. 
FOR  EXAMPLE,  REGIONS  WITH  A  VERY  LOW  EXISTING  RTD  CAPACITY  WILL  BE 
LIKELY  TO  BENEFIT  MORE  FROM  PROGRAMMES  BASED  LARGELY  ON  TECHNICAL 
EXTENSION  AND  ADVISORY  SERVICES  THAN  FROM  ADVANCED  RTD  CENTRES. 
BUT,  APART  FROM  A  FEW  EXCEPTIONAL  CASES,  IN  GENERAL  TERMS,  THE  LESS 
FAVOURED  REGIONS,  WHICH  ARE  THE  KEY  TARGET .  GRUUP  FOR  THE  NEW 
REGULATION,  MUST  HAVE  ACCESS  TO  THE  FULL  RANGE  OF  R:rD  MECHANISMS. 
REGIONAL  ·PLANNING  · 
PARTICIPATION  BY  REGIONS  AND  MEMBER  STATES  IN  STRIDE  SHOULD  BE  IN 
ACCORDANCE  WITH  A  WELL  PLANNED  AND  PROGRAMMED  APPROACH.  THIS  SHOULD 
BEGIN  WITH  THE  PREPARATION  OF  COMPREHENSIVE  REGIONAL  PLANS  FOR  THE 
DEVELOPMENT  OF ·  APPROPRIATE  REGIONAL  RTD  CAPACITY.  IN  THE  REPORT,  A 
PROCEDURE  FOR  THE  INTEGRATED  PROFILING  OF  REGIONS  IS  PRESENTED.  THE 
PROFILES  OF  MIDI  PYRENEES  AND  PUGLIA  WHICH  FOLLOW,  ARE  EXAMPLES. 
THIS  QUANTITATIVE  PROFILING  PROCEDURE  SHOULD  BE  COMPLEMENTED  WITH  AN 
INCISIVE  QUALITATIVE  ACCOUNT  OF  THE  MOST  IMPORTANT  RTD  STRENGTHS  AND 
WEAKNESSES  OF  THE  REGION.  IN  THIS,  THERE  IS  NO  SUBSTITUTE  FOR  LOCAL 
KNOWLEDGE.  THE  INVOLVEMENT  AND  COMMITMENT  OF  LOCAL  ACTORS  WILL  BE 
CRUCIAL.  TilE  IMPORTANCE  OF  THIS  LOCAL  PLANNING  LIES  BOTH  IN  THE 
PRODUCT  AND  TI{E  PROCESS. 
THE  REPORT  E.'iPH.ASISES  HOWEVER  THAT  THE  ESTABLISHMENT  OF  SINGLE 
-E~VTS  OF  RTD  INFRASTRUCTURE  WIL~NOT OF  ITSELF  BE  SUFFICIS~T. 
INTERACTION  AND  COMMUNICATION  BETWEEN  THE  VARIOUS  ELS~S  OF.THE 
LOCAL  RTD  INFRASTRUCTURE  MUST  BE  PROMOTED. 
419 ~ 
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RECIO HAL  ~07o[;J REGIONS  MAY  EVEN  COMPENSATE  FOR  LACK  OF  PHYSICAL  INFRASTRUCTURE  BY 
INTENSIFICATION  OF  LOCAL  INTERACT I Of:'  WITHIN  THE  EXISTING  STRUCTURES. 
THIS  IS  WHY  A  SYSTEMS  PERSPECTIVE  IS  ESSENTIAL  IN  PLANNING  THE 
DEVELOPMENT  OF  LOCAL  RTD  STRUCTURES.  A  NETWORK  APPROACH  IS  CRUCIAL, 
LINKING  LOCAL  ELEMENTS  CLOSELY  TOGETHER. 
SUCH  A  REGIONAL  DYNAMIC  IS  NOT  EASY  TO  ACHIEVE.  BUT  IT  IS  EVIDENT 
THAT  IT IS  NOT  SIMPLY  THE  PRESENCE  OF  UNITS  OF  RTD  INFRASTRUCTURE,  BUT 
THE  DEGREE  OF  INTERAcTION  BETWEEN  THEM,  WHICH  IS  THE  DETERMININO 
FACTOR  IN  LOCAL  INNOVATION.  A  KEY  FOCUS  FOR  STRIDE  THEREFORE,  MUST  BE 
TO  STI~LATE LOCAL  NETWORKS  AND  COMMUNICATIONS,  ~  WELL  AS  INSIS1f:NCE 
ON  THE  ADOPTION  OF  A  SYSTEMS  APPROACH  TO  LOCAL  RTD  PLANNING  BY  THE 
REGIONS. 
GUIDELINES  FOR  THIS  LOcAL  PLANNING  PROCESS  CAN  BE  SUOGESTED:-
•  ASSESS  THE  RTD  RESOURCES  AVAILABLE  TO  THE  REGION 
REALISTICALLY; 
•  HAVE  A VISION  OF  THE  REGION'S  f1JTURE  AND  IMPLEMENT  IT  WITH 
OPERATIONAL  STRATEGIES  WHICH  BUILD  ON  EXISTING  STRENGTHS  -
RATHER  THAN  ON  ASPIRATIONS  OF  WHAT  MIGHT  BE: 
•  ORGANIC  GROWTH  AND  DEVELOPMENT  FROM  AN  EXISTING  BASE  IS 
PREFERABLE  TO  STARTING  FROM  A  'GREEN  FlELD'  SITUATION; 
•  FIND  WAYS  OF  ACCESSING  EXCELLENCE,  PARTICULARLY  IF IT EXISTS 
OUTSIDE  .THE  REGION.·  BUILD  SYSTEMATICALLY  AND  DON'T  LEAPFROG. 
TECHNOLOGICAL  DEVELOPMENT  IS  INCREMENTAL  AND  COMPLEX; 
•  KNOW  THE  CONTOURS.OF  THE  REGION'S  RTO  LANDSCAPE- IN  DETAIL. 
~NOERSTAND THE  LOCAL  NETWORKS  AND  COMMUNICATION  MECHANISMS  -
BOTH  FORMAL  AND  INFORMAL; 
•  ·  MATCH  THESE  CONTOURS  WITH  PORTFOLIOS  OF  APPROPRIATE  RTD 
~tECI~'IISi'tS  - SELECTED  AND  DESIGNED  LOCAL~Y; 
•  AVOID  A  'SINGLE  SHOT'  APPROACH  - NO  ONE  RTD  MECHANISM  WILL  SUIT 
ALL  SITUATIONS; 
•  PAY  P:\RTICUL\R  ATTE..'ITION  TO  KEY  FACTORS  WHICH  INFLUENCE  THE 
PERfO~'ICE OF  THE  MECHANISMS  SELECTED;  STUDY  THE  PERFORMANCE  OF 
S.I:-IIL\R  MECHANISMS  IN  OTHER  REGIONS; •  DON'T  INSTALL  ADVANCED  TECHNOLOGY  MECHANISMS  IN  A LOW  TECHNOLOGY 
LOCATION.  STRATEGIES  WHICH  DO  THIS  CARRY  A HIGH  RISK  OF 
FAILURE; 
•  DEVELOP  THE  REGIONAL  RTD  INFRASTRUCTURE  AS  AN  INTERLOCKING  AND 
INTERACTIVE  SYSTEM; 
e  EMPHASISE  AND  STIMULATE  FUNCTIONAL  INTERACTION  WITHIN  THE 
REGIONAL  RTD  SYSTEM  THROUGH  LOCAL  NETWORKS  AND  LINKAGES: 
ESTABLISH  BRIDGES  TO  RTO  INFRASTRUCTURES  OUTSIDE  THE  REGION: 
•  WORK  TOWARDS  ESTABLISHING  A CRITICAL  MASS  - A  'SEUIL  CRITIQUE' 
IN  SELECTED  AREAS:  BE  SELECTIVE,  SO  AS  NOT  TO  SPREAD  RESOURCES 
TOO  THINLY: 
•  ESTABLISH  FLEXIBLE  NON-BUREAUCRATIC  SYSTEMS:  LOOK  FOR  RESULTS, 
NOT  FOR  PROCEDURES : 
•  SECURE  INVOLVEMENT  OF  LOCAL  BUSINESS  AND  COMMERCIAL  INTERESTS~ 
IF POSSIBLE,  ENCOURAGE  PRIVATE  SECTOR  INTERESTS  TO  DRIVE  THE 
STRATEGY: 
•  ENCOURAGE  . LOCAL  INITIATIVE  AND  LEADERSHIP,  IT  IS THEIR  REGION. 
THEIR  JOBS,  THEIR  CHILDREN,  THEIR  RESPONSIBILITY  AND  THEIR 
FUTURE  - WHO  ELSE  WOULD  BE  MORE  COMMITTED  TO  GETTING  IT  RIGHT? 
•  STIMULATE  ALLIANCES  OF  KEY  PLAYERS.  IDENTIFY  LOCAL  CHAMPIONS; 
•  ENCOURAGE  LOCAL  COMPETITION  FOR  RESOURCES.  FRIENDLY  COMPETITION 
WILL  IMPROVE  THE  QUALITY  OF  PROPOSALS; 
•  PURSUE  INDIVIDUALISTIC  PATHS  TO  PROGRESS. 
REGIONALE I  ; 
KNOW  YOUR  'VOCATION 
•  E.o'1PHASISE  HOW  THI~GS ARE  DONE  - NOT  WHAT  IS  DONE. 
THE  FORM  IS  MORE  I:-lPORTANT  THAN  THE  SUBSTANCE; 
•  "ACT  lOCALLY  - BUT  THINK  GLOBALLY". 
ULTH1ATELY . 
423 OBJECTIVES  FOR  STRIDE 
ANY  ATIEMPT  AT  AN  'A  PRIORI'  SPECIFICATION  OF  RTO  MECHANISMS  FOR 
PARTICULAR  REGIONAL  TYPES  IS  PROBLEMATIC. 
NONETHELESS,  IT  CAN  BE  SAID  THAT  SOME  COMMON  PRINCIPLES  CAN  BE 
IDENTIFIED  FOR  STRIDE  FOR  ALL  REGIONS,  IRRESPECTIVE  OF  THE  DETAIL  OF 
TIIEIR  LOCAL  SITUATION.  THUS,  IT  IS  POSSIBLE  TO  ARTICULATE  THAT  THE 
BASIC  PURPOSE  OF  THE  NEW  REGULATION  IS  TO  MOBILISE  REGIONAL  RTD 
RESOURCES  IN  ORDER  TO  STIMULATE  SELF  GENERATING  REGIONAL  DEVELOPMENT. 
STRIDE  SHOULD  PRIMARILY  AIM  TO:-
•  RETAIN  AND  ATTRACT  SKILLED  MANPOWER; . 
•  PROVIDE  A  LOCAL  CAPACITY  FOR  TECHNOLOGY  TRANSFER  AND 
APPLICATION; 
•  STIMULATE  "AND  ASSIST  NEW  TECHNOLOGY  BASED  START.:.UPS  LOCALLY; 
AND 
•  IMPROVE  NATIONAL  AND  INTERNATIONAL  RTD  LINKAGES. 
THESE  ARE  THE.ESSENTIAL  PRINCIPLES  OF  A  TECHNOLOGY  STRATEGY  FOR  ALMOST 
ANY  LFR:  SKILLS  RETENTION,  TECHNOLOGY  TRANSFER,  LOCAL  TECHNOLOGY  BASED 
START-UPS  .AND  LINKAGES. 
BENEFITS  OF  STRIDE· 
THE  BENEFITS  TO  BE  ACHIEVED  BY  THE  NEW  PROGRAMME  WOULD  INCLUDE 
PRINCIPALLY:-
•  AN  IMPROVED  CAPACITY  IN  REGIONS  TO  EXPLOIT,  AND  TO  SHARE  IN  THE 
BENEFITS  Of  TECHNICAL  PROGRESS; 
•  AN  ll"IPROVE!'tENT  IN  Cml'TUNITY  COHESION  AND  INTEGRATION;  AND 
•  A  ~tEASUREABLE REDUCTION.  IN  THE  LONGER  TERI'1.  IN  THE  ECONOMIC  AND 
SOCIAL  DISPARITIES  BEThLE~ REGIONS. 
424 FOR  LATER  EVALUATION.  IT  IS  IMPORTANT  TO  ARTICULATE  ClEAR  AND 
QUANTIFIABLE  OBJECTIVES  AT  TitE  O\ITSE1'.  THE  IMPACT  OF  TitE  NEW  PROGRAMME 
SHOULD  BE  ASSESSED  ON  THE  BASIS  OF:-
•  A MEASURABLE  IMPROVEMENT  IN  THE  STOCK  OF  REGIONAL  RTD  RESOURCES 
OF  BOTH  INFRASTRUCTURE  AND  SKILLS; 
•  A MEASURABLE  NARROWING  OF  THE  TECHNOLOGY  GAPS 
•  A MEASURABLE  INCREASE  IN  THE  PARTICIPATION  OF  ASSISTED  REGIONS 
IN  COMMUNITY  RTD  PROGRAMMES. 
. ELIGIBLE  REGIONS 
THE  EVIDENCE  ASSEMBLED  IN  THIS  REPORT  PROVIDES  CLEAR  JUSTIFICATION 
FOR  A DIFFERENTIATED  COMMUNITY  RTD  INITIATIVE  FOR  THE  LESS  FAVOURED 
REGIONS.  BECAUSE  OF  THE  VARIATION  IN  TECHNOLOGICAL,  ECONOMIC  AND 
SOCIAL  CONDITIONS  IN  . THESE  REGIONS,  THE  STRIDE  INITIATIVE  MUST  BE 
FLEXIBLE  TO  ACCOMMODATE  VARIOUS  CATEGORIES  OF  LESS  FAVOURED  REGIONS. 
TO  BE  ELIGIBLE  FOR  ASSISTANCE  IT  IS  PROPOSED  THAT  A  REGION  BE 
SIGNIFICANTLY  DISADVANTAGED  BOTH  ECONOMICALLY  AND  TECHNOLOGICALLY. 
THIS  NO-CRITERIA  '~PROCEDURE  IS  ILLUSTRATED  OVERLEAF, 
'SIGNIFICANTLY  DISADVANTAGED'  IS  DEFINED  BY  THE  AUTHORS  AS  BEING  MORE 
THAN  25%  BELOW  THE  RELEVANT  COMMUNITY  AVERAGE. 
IN  ADDITION,  ALTHOUGH  CERTAIN  REGIONS  MAY  NOT  SATISFY  THESE  CONDITIONS 
PRECISELY,  THEY  ARE  NONETHELESS  DISADVANTAGED  FOR  A COMPLEX  OF  OTHER 
REASONS.  TWO  GROUPS  IN  PARTICUlAR.·  ARE  CONSIDERED  - INDUSTRIALLY. 
DECLINING  REGIONS  AND  LAGGING  REGIONS  IN  THE  MORE  ADVANCED  MEMBER 
STATES. 
425 ~ 
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Relaxable  Threshold IN  SUMMARY  THEREFORE  IT  IS  PROPOSED  TO  DISTINGUISH  THREE  CATEGORIES  Of 
REGIONS  FOR  ASSISTANCE:~ 
•  CATECORY  1  - LOW  INCOME,  LOW  RTD 
A  CORE  GROUP  OF  REGIONS  WHICH  ARE  BELOW  75%  OF  AVERAGE  EEC  PER 
CAPITA  INCOME  LEVELS  OR  BELOW  75%  ON  THE  SYNTHETIC  INDEX  AND 
BELOW  75%  OF  AVERAGE  EEC  RTD  LEVELS. 
e  CATEGORY  2  - INDUSTRIALLY  DECLINING,  LOW  RTD 
REGIONS  OF  INDUSTRIAL  DECLINE  WHICH  HAVE  BELOW  75%  OF  AVERAGE 
EEC  RTD  LEVELS.  . THESE  ARE  THE  REGIONS  OF  MEMBER  STATES  BASED  ON 
nlE  COAL.  STEEL.  SHIPBUILDING  AND  OTHER  DECLINING  INDUSTRIES. 
THEIR  PRECISE  DESIGNATION  IS  A MATTER  FOR  OGXVI. 
•  CATECORY  3  - LAGGING,  LOW  RTD 
SELECTED  REGIONS  OF  MORE  DEVELOPED  MEMBER  STATES  WHICH  ARE 
RELATIVELY  DISADVANTAGED  - SOMETIMES  REFERRED  TO  AS 
1 LAGGING 
REGIONS I  •  WHICH  HAVE  BELOW  75%  OF  AVERAGE  EEC  RTD  LEVELS.  THEIR 
P.RECISE  DESIGNATION  IS  AGAIN  A MATTER  FOR  OOXVI  IN  CONSULTATION 
WITH  THE  "RELEVANT  MEMBER  STATES.· 
THE  PRIMARY  GROUP  OF  REGIONS.  THOSE  OF  CATEGORY  1.  WHICH  COMPRISE  THE 
TARGET  GROUP  FOR  THE  NEW  REGULATION  WOQLD.  ON  'mE  BASIS  OF  THE  ABOV-E 
CRITERIA,  ENCOMPASS  ALL  REGIONS  CURRENTLY  THE  SUB.JECT  OF  THE  COHESION 
DEBATE.  THEIR  PRECISE  . DESIGNATION  IS  HOWEVER  A  MATTER  FOR  THE 
COMMISSION  USING  THE  ABOVE-MENTIONED  CRITERIA. 
··APPROPRIATE  RTD  MECHANISMS 
WHILE  THE  · PRECISE  IDENTIFICATION  .  OF  APPROPRIATE  MECHANISMS  FOR  A 
REGION  MUST  BE  BASED  ON  A  DETAILED  EXAMINATION  OF  EACH  REGION'S  RTD 
STRENGTHS  AND  WEAKNESSES.  tT  IS  NONETHELESS  POSSIBLE  TO  IDEt'lTIFY,  ~ 
PRIORI,  BROAD  GROUPS  OF  RTD  MECHANISMS,  APPROPRIATE  TO  THE  THREE 
CATEGORIES  OF  REGIONS  LISTED  ABOVE.  THIS,  TiiEREFORE.  INTRODUCES  A 
THIRD  FORM  OF  ELIGIBILITY  CRITERION  Nh~ELY.  'APPROPRIATENESS'. 
427 IT  IS  PROPOSED  THAT  CATEGORY  1  REGIONS  SHOULD  QUALIFY  FOR  THE  FULL 
RANGE  OF  RTD  MECHANISMS  AS  SHOWN  IN  TABLE  1. 
WITHIN  THE  CATEGORY  1-GROUP,  SOME  REGIONS  WHICH  HAVE  AN  EXTREMELY  LOW 
LEVEL  OF  RTD  AND  HAVE  THEREFORE  NOT  OOT  A  . THRESHOLD  CAPACITY  'WILL 
REQUIRE  A  MORE  SELECTIVE  TREATMENT.  .  THESE  WILL  REQUIRE  SPECIAL 
EMPHASIS  INITIALLY  ON  CREATING  THE  BASIC  PRECONDITIONS  FOR 
PARTICIPATION  IN  THE  FULL  SPECTRUM  .OF  STRIDE  MECHANISMS.  PRIORITY 
ATTENTION  MAY  HAVE  TO  BE  GIVEN  TO  HANDS-ON  TECHNICAL  ASSISTANCE, 
EXTENSION  AND  ADVISORY  SERIVCES,  AND  TECHNICAL  AWARENESS  PROGRAMMES 
FOR  THESE  REGIONS. 
THE  MECHANISMS  AVAILABLE  TO  CATEGORY  2  TYPE  REGIONS  - THE  REGIONS  OF 
INDUsrRIAL  DECLINE  - ARE  SHOWN  IN  TABLE  2.  ·:rm:  MAIN  RTD  PROBLEM  IN 
SUCH  REGIONS  MIGHT  BE  EXPECTED  TO  BE  TH~ CONVERSION  AND  MODERNISATION 
OF  AN  OLD  OR  ACiEING  RTD  INFRASTRUCTURE.  STRONG  TRADITIONS  OF  INDUSTRY 
AND  SKILLS  WILL  EXIST  BUT  THESE  WILL  NEED  TO  BE  UPDATED.  A  PRIMARY 
TARGET  WOULD  BE  THE  STIMULATION  OF  INDUSTRIAL  AND  PRIVATE  SECTOR  R&..D 
AS  WELL  AS  SUPPORTING  NEW  TECHNOLOGY  BASED  FIRM  FORMATION. 
FINALLY,  CATEGORY  3 REGIONS  - THE  LAGGING  REGIONS  OF  THE  MORE  ADVANCED 
MEMBER  STATES,  MAY  EITHER  HAVE  RTD  CAPACITY  WHICH  IS UNDE.RUTILISED  OR 
HAVE  ACCESS  TO  RTD  INFRASTRUCTURE  IN  011mR  REGIONS  OF  THEIR  OWN 
COUNTRY.  A REDUCED  SET  OF  RTD  MECHANISMS  IS  PROPOSED,  CONCENTRATING 
MAINLY  ON  STIMULATION  TYPE  MEASURES  SUCH  . AS  NETWORKS,  LINKAGES, 
PARTNERSHIPS  AND  CONSULTANCY.  TABLE  3  PROVIDES  DETAILS. 
·  CONCLUSION 
TECHNOLOGY  GAPS  WILL  WIDEN  IN  THE  COMMUNITY  UNLESS  ACTION  IS  T.~ 
NOW.  WHILE  THE  STRONG  WILL  GROW  STRONGER,  ~ffiMBER STATES  AND  REGIONS 
WHICH  ARE  AT  A  LOW  LEVEL  OF  TECHNOLOGICAL  DEVELOPMENT  WILL  EXPERIENCE 
GREAT  DIFFICULTIES  IN  CATCHING  UP. 
STRESSES  BETWEEN  THE  CENTRE  AND  PERIPHERY  WILL  INCREASE  IF  THE  TWO 
SPEED  TECHNOLOGICAL  EUROPE.  w~ICH IS  NOW  RAPIDLY  £~RGING,  BECOMES 
ESTABLISHED. 
AS  TECHNOLOGY  ADVA.'lCES  THE  AGCLOl'lERATION  ·  OF  TECHNOLOGICAL  STRE.'lGTH 
WILL  CONTINUE  IN  THE  Cu~TRES w~ICH ARE  ALREADY  STRONG.  THE  TECHNOLOGY 
GAPS  COULD  BECOME  A  PER."1ANE."'T  AND  PERSISTENT  FEATURE.  SLOWING  OO  ....  'N  TliE 
OVERALL  LEVEL  OF  ADVANCE. 
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429 TABLE  2:  APPROPRIATE  RTD  MECiANISMS  FOR  CATECORT  2  REOIONS 
o  ASSISTANCE  FOR  CONVERSION.  ADAPTATION  AND  MODERNISATION  OF.  THE 
EXISTING  RTD  LVFRASTRUC'niRE 
o  ASSISTANCE  FOR  STIMULATION  OF  BERD.  PARTICULARLY 
RESEARCH  EQUIPMENT  FOR  INDUSTRY 
CON'IRAcr  RESEARCH 
TECHNICAL  CONSULTANCY 
SKIUS PLACEMENT 
RESEARCH  ASSOCIATIONS 
RICHER  EDUCATION-INDUSTRY  PAR'rnERSHIPS 
TEACHING  COMPANIFS 
TRANSFER  POINTS 
o  ASSISTANCE  FOR  NEW  TECHNOLOGY  BASED  ST~$.  PARTICULARLY 
INCUBATORS 
L'fflOVATION  CENTRES 
CAMPUS  COMPANIES 
o  ASSIS1'A..'iCE  FOR  UPDATL'fG  SKILLS.  PARTICULARLY 
TRAINING  AND  RE'mAINING  FOR  SCIENTISTS  AND  ENGINEERS 
CONTL'fUING  TECHNICAL  EDUCATION  AND  TRAINL'fG 
MOBILITY  AND  EXCHANGE  PROGRAMMES 
TABLE  :  APPROPRIATE  RTO  MECHANISMS  FOR  CATEOORY  REGIONS 
PRIORITY  TO  ESTABUSHMENT  AND  DEVELOP~EYr  OF  !i'E'I'WORKS  AND 
COMMUNICATIONS.  L'IPROVE  LL~GES TO  NATIONAL  AND  LVI'ERNATIONAL 
RTD  ACTIVITY. 
E<CLUS!yt:"..l..'f  STI:-IULATION  TYPE  MEASURES,  PARTICULARLY  SUPPORT 
FCR:-
•  RESE.~CH NET'..;ORKS 
•  RESGAnCHER  MOBILI7Y  SCHS~ES 
•  rnA.'lSFER  POIYrS 
•  I~DUSTRIAL LIAISON  OFFICES 
•  L~IVERSITY-::-ffiUS7?.Y  C~CP:::=UT!VE RESC:.-\.RC:i  P!i.CGClJ.,.'C-IC.S 
•  ITCH:4ICAL  CCNSULTA.'lCY  SC:..~IJIC~  FOR  S:-tE' S 
•  RESC:.\RCH  EQUIP~EIT Si.iP?OR'!'  SCHDIES 
> 
•  l~DUSTRL\L FELLCwSHIPS 
•  TECHNICAL  wOR.'<SHOPS  AND  .S'DIPOSIA 
I 
I 
I 
I 
j 
I 
I 
I 
430 POLICIES  WHICH  ADDRESS  THE  BASIC  FABRIC,  FOUNDATION  AND  FRAMEWORK  FOR 
TECHNOLOOICAL  DEVELOPMENT  IN  THE  LESS  WELL  OFF  REGIONS  NEED  TO  BE  PUT 
IN  PLACE  AS  A  MATIER  OF  URGENCY.  UNLESS  THIS  IS  DONE,  THE 
'QUALITATIVE  LEAP'  TOWARDS  THE  'TECHNOLOOY  COMMUNITY'  MAY  BE  ~ STEP 
FORWARD  FOR  SOME  BUT  WILL  LEAVE  MANY  STANDING  STILL.  IN  THE  LONG  TERM 
THE  PROGRESS  OF  ALL  WILL  BE  RETARDED. 
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433 S&T  POTENTIAL  OF  E.E.C.  COUNTRIES 
OVERALL  STATISTICAL  COMPARISONS  AND  CONSEQUENCES  OF  POLITICAL  PARCELLING 
Comparing  S&T  potentials  of  Member  States with  those  of  their  major 
partners,  especially  the  United  States  and  Japan,  implies  primarily  to 
look at  general  statis~ical agregates.  The  studies  prepared  for  the  former 
COPOL  meeting  of ·cREST  have  extensively  touched  these  aspects,  and  so,  in 
the  first  section,  we  shall merely actualize  the  mairi  results. 
Then,  in order  to  make  this  firs~ analysis more  accurate,  we  shall  try,  1n 
the  second. section,  to  improve  .the  conclusions  drawn  from  quantitative 
comparison  by  taking  into account  the  consequences  or  European  political 
parcelling  on  its  S&T  effi~iency compared  with  those  of  the  US  and  Japan. 
434 SECTION  I  THE  R&D  POTENTIAL  OF  THE  ECONOMIC  COMMUNITY  MEMBERS  COMPARED 
TO  THAT  OF  ITS  MAJOR  PARTNERS,  THE  US  AND  JAPAN 
w~ shall  revi~w,  tn  this  s~ction,  th~ main  basic·dala  conc~rning  th~  bulk 
of  R&D  ~xpens~s,  th~ir  rate  of  growth  within  the  first  half  of  the 
~ighti~s  and  the  priority given  to  R&D  among  economic  act1v1t1es  in  th~ 
diff~ri:!nt  countri~s.  Finally  w~  shall  examine  the  involvement  of  industry 
in  national  R&D  i:!fforts  which,  partly,  is  a  condition  for·  th~ 
eff~ctiv~ness of  these  efforts,  as  we  shall  see  in  the  second  part  of  the 
report. 
I  - VOLUME 
- In  1986  the  cumulative  R&D  expenditures  of  the  member  countries 
approached  70  billion  Ecus,  twice  the  amount  recorded  in  1979,  and  the 
number  of  research  workers  rose  from  350  000  to  500  000  (EPT)  over  this 
period*. 
- With  120  billion dollars  devoted  to  R&D**  i.e.  119  billion Ecus  (1  Ecu  = 
1.010 dollar  according  to  purchasing  power  parities  :  ppp),  the  American 
expenditure  is  approximately  3/4 higher.  Japan
1s  is  in  the  neighbourhood 
of  9  200  billion yen,  i.e.  41  billion  (ppp  1  Ecu  = 223.2  yen)  which  is 
1/3  lower. 
The  repective  growth  rates  of  R&D  activities  in  the  different  countries, 
analysed  along  with  monetary  variations,  leads  us  to  believe  that  for  1987 
the  relative  gap  should  remain with  the  US  and  decrease  with  Japan. 
In  the  1981-1986  period  evolutions  have  been  in  favour  of  our  partners: 
bet  gap  has  widened  noticeably with  the  US  and  has  narrowed  with  Japan. 
This  comparison  of  overall  R&D  expenses  of  the  countries  involved  leads  us 
to  a  first evaluation of  the  general  effort of  the  Member  States.  It  1s 
often  necessary  to  complete  this  by  a  second  comparison  restricted  to 
civilian  R&D  expenses  in .order  to  take  into  account  th~ special  featur~s 
of military  R&D  and  tis varying  importance  in  the  different  countries.  In 
this  case  the  accuracy  of  statistical material  is  lower,  so  we  shall  use 
only  ratios  and  not  absolute  figures  (graph  II). 
In  1986,  the  civilian  R&D  expenses  in  the  US  was  no  more  than  a  quarter 
above  the  one  of  EUR  12,  and  the  Japanese  expense  was  a  third  lower.  In 
this  comparison  th~  gap  between  partners  is  narrower  than  1n  the 
comparison  of  overall  R&D  expenses,  especially between  the  US  and  EUR  12 . 
. since  1981  the  gap  with  the  US  remained  unchanged,  and  the  gap  with  Japan 
narrowed. 
Both  analyses,  whose  results  must  be  combined  to  give  a  realistic 
evaluation  of  R&D  potentials,  show  that  R&D  expense  in  EUR  12  1s  obviously 
below  the  level  of  the  US,  but  exceeds  widely  that  of  Japan.  But  the 
tendencies  points  out  a  lower  dynamism  in  the  Community.  This  appears 
better when  considering  growth  rates. 
*  Figures  estimated  from  data  already  available  in  c~rtain countries. 
**  OECD  figures. 
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EUR-1Z II - GROWTH  RATES 
Between  1981  and  1985  R&D  expenditur~s  increased  by  an  average  of  3.6  % 
p~r annum  in  volume  within  in  EEC,  at  a  rate  which  was  substantially  lower 
than  of  the  US  6.6  % which  itself  is  well  below  the  Japanese 
progression:  8.8  %,  more  than  twice  as  fast  as  in  the  EEC. 
When  applied  to  civil  res~arch,  the  comparison  of  progression  rates  gtves 
results  which  are  considerably  differ~nt,  because  the  progression of  civil 
appropriations  was  almost  non-existent  in  the  US.  The  result  is  that  total 
civil  expenditures  (public  and  industrial)  for  R&D  increase  approximately 
at  Lhe.same  rate  as  in  the  US  and  in  Europe,  but  Japanese  growth  is  always 
twice  as  strong  : 
EEC 
USA 
Japan 
4  % 
4  % 
8,8 % 
III - INTENSITY  OF  '111E  R&D  EFFORT 
Another  indicator  of  the  research  effort  in  a  country  is  given  by  the 
ratio  of  the  gross  expenditure  of  R&D  to  the  gross  domestic  product 
GERD/GDP,  which  evaluate  the  priority  given  to  the  scientific  and· 
technical  development  among  all other  economic  activities. 
In  1985  this  ratio  reached  208  % in  the  US  and  in. Japan*.  Of  the  European 
countries,  only  the  FRG  approached  this  level  with  a  ratio  neighbouring 
2.7  %  while  it was  in_ the  range  of  2.3%  in  the  United  Kingdom  and  in 
France,  at  2  % in  the  Netherlands  (neighbouring  the  EEC  average)  and  1.3  % 
or  less  for  the  other member  countries. 
If  once  again we  restrict  our  analysis  to  civil  research,  the  country 
classification is  considerably modified. 
The  Japan~se effort  in civil  R&D  with  a  ratio  neighbouring  2.7%  appears 
to  be  far  superior  t.o  those  of  the  US  and  the  EEC  member  countries  which 
are  tn  the  range  of  1.8%  and  2  %.  And  again  the  FRG  is  the  only  member 
nation  whose  civil  effort  is equal  to  that  of  Japan  (between  1.5  and 
2.6%). 
* Japan  non-adjusted  OECD  figures. 
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Country IV  - CONTRIBUTION  OF  INDUSTRY  10 R & D POTENTIAL 
VI-I/  Execution of  R&D  work 
In  th~  United  States,  more  than  70%  of  R&D  exependitures  are  made  Ln 
industry,  and  this  level  was  maintained  throughout  the  1980's.  This. strong 
contribution  on  the  part  of  private  enterprises  is  explained  notably  by 
th~  fact  that  a  large  portion of military  research  is  subcontracted  to 
them. 
In Japan,  the  corresponding  ratio  (DIRDE/DIRD)  is also  high;  it was  in  the 
neigborhood  of  68%  in  1985.  But  unlike  the  United  States,  here  we  are 
dealing  almost  exclusively with  civil research  and  the  industrial  portion 
has  registered  a  strong  increase  since  the  beginning  of  the  SO's  (61  %  in 
1981)  due  to  the  dynamism  of  industrial  financing  and  the  weak  progression 
of  R&D  appropria·tions·.  . 
Among  the  member  nations,  two  countries  alone  present  similar 
characteristics:  Belgium  (69  % in·83)  and  the  FRG  (72_%  in  1985). 
IV-2/  Financing of  R&D  work 
It is  in Japan  that  the  contribution. by· businesses  to  the  financing  of  R&D 
is  by  far  from  the  highest  (more  than  70  % in 1985)  and  moreover  it  has 
been  g~owing rapidly  since  the  beginning  of  the  SO's  (62  % in  1981).  In 
fact.  appropriations  play· a  very  minor  role  in businesses 
1  financing  of 
R&D  work.  They_  therefore  enjoy  total  financial. independence  in  the  conduct 
of  their  R&D  programmes,  which  is  not  the  case  in  the  United  States  and  in 
certain member  countries. 
Among  the  European  countries,  only  the  FRG  approaches  Japan  with  a 
financial  contribution on  the  part  of- industry  of· 61  %.  As  for  the  other 
EEC  member  states,  the  rate  which  characterizes  them  falls  below  or 
approaches  that of  th~ United States  which  is  48  %. 
441 CONCLUSIONS 
In conclusion,  th~  funds  d~vot~d to  R&D  activities  for  th~  EECc  ar~ still 
w~ll  b~low those  of  the  Unites  Stales,  while  th~  Japan  is  catching  up. 
And  what  is  more  serious  is  the  fact  that  R&D  investments  show.  ~ven  less 
dynamism:  b~twe~n 1981  and  1985,  Lh~  growth  of  expenditures  was  twic~  as 
great  in Japan  and  on~ half higher  in  the  United States.  As  for  the  plac~ 
granted  to  R&D  in  the  economic  activity  as  a  whole,  and  measured  by  the 
ratio,  it  is  very  much  lower  than  that  of  our  partners  (2  %·against  2. 7  % 
and  2.8  %)  and  the  gap  is  on  lh~  increase. 
Lastly,  the  distribution  of  the  R&D  effort  between  industry  and  the  pub lie 
sector  shows  that  industry's  contribution is  lower  in  European  countries, 
which  puts  them  at  a  disadvantage  in relation  to  the  new  c~nditions  of  S&T 
developement  and  in  particular  the  importance  of  the  valorization  of 
research  and  the  spreading  of  technology. 
These  quantitative  comparisons,  which  in  the  last analysis  are  rather 
dulling  for  the  EEC,  moreover  neglect  a  serious  handicap  which  affects  the 
homogeneous 
which  are 
We  shall 
R&D  potential  of  the  entire  EEC:  the  EEC  does  not  constitute a 
whole.  It  is  parcelled  out  into  twelve  components  some  of 
extremely  unlike  one  another  and  present  insufficient  synergies. 
look at  the  consequences  of  that  situation in  the  next  section. 
442 SECTION  II  fQ~~~UENCES OF  POLITICAL  PARCELLING 
In  th~  pr~c~ding  s~ction,  which  d~alt with  th~  comparison  of  th~  means 
impl~ment~d  by  the  Economic  Community  and  th~ir partners,  w~  consid~red 
the  Europ~an  S&T  space  as  a  coherent  whole.  But  this  is  not  the  case: 
political  parcelling  introduc~s  partitions  and  often  leads  to  div~rging 
choices.  And  for  this  reason,  it  is  pre.sently  an  illusion  to  consider  that 
European  S&T  potential  is  equal  to  the  sum  of  the  pot~ntial  of  its 
members.  To  be  realistic,  it would  be  fitting  to  attribute  to  the  latter  a 
reducing  coefficient  representing  the  loss  of  effectiveness which  affects 
the  European  mosaic  compared  to  a  homogeneous  national  space. 
This  reference  to  the  parcelling  of  the  Economic  Community  is  not  new.  But 
it has  taken  on  particular acuteness  in  the  realm of  S&T  for  two  reasons. 
First  of  all,  the  differences  between  member  nations  are  much  more  acute 
in  S&T  matters  than  in other  domains.  Secondly,  because  throughout  the 
world,  recent  developments  in scientific  policy  have  foscused  on  the  means 
of  better organizing  the  synergy  of  S&T  efforts  and  of  better  valorizing 
the  results  of  this  work  on  the  economic  level. 
These  different  actions  necessarily  imply  cohesion  and  an  increased 
fluidity  in  the  S&T  system  on  which  they  are  operating  and  adapt  very 
poorly  to  a  lack  of  fluidity  in  exchanges  among  men  due  to  political 
parcelling,  which  they  interpret  as  obstacles  to  the  circulating of  men, 
limitations  to  company  action,  and  the  absence  of  synergy  in  public 
actions. 
Obstacles  to  the  circulating of  men 
This  is a  major  handicap,  because  S&T  progress  is  first  of  all  the  result 
of  the  circulating of  knowledge,  the  confrontation  of  experiences  and,  in 
a  broader  sense,  of  contacts  between  men.  More  generally  speaking, 
exchanges  within  the  European  scientific  fabric  are  undermined  by 
political parcelling. 
The  obstacles,  which  concern  lengthy  travel  on  the  part  of  scientists, 
have  been  mentioned  on  many  occasions  and  are  well  known.  First  of  all, 
there  are  differences  of  language,  mentality,  culture,  which  imply  a 
psychological effort  to  adapt  which  is  sometimes  difficult  for  some.  Th~n 
there  are  differences  between  the  administrative  and  social  systems  of  the 
member  nations,  which  are  behind  numerous  material  problems  encountered  by 
research  workers  and  their  families.  Lastly,  there  are  difficulties  in 
seeing  to  it that  the  equipment  necessary  for  carrying  out  experiments  can 
circulate  from  one  country  to  another. 
Limits  on  action by  companies 
Although  the  free  circulation of  goods  is ensured  by  the  Rome  Treaty, 
political  parcelling  creates  another  compartmentalization  of  mark~ts 
through  the  play  of  the  standards  of  taxation  and  public  markets.  The 
unique  European  market  of  1992  should  remove  this  obstacle,  but  for  the 
443 mom~nt  this  situation  r~duc~s  the  fre~dom  of  action  of  businesses, 
restricts  their  capacity  to  invest  in  S&T  development,  and  sometimes 
excludes  them,  because  the  minimum  effective  investment  thresholds  are 
becoming  higher  and  higher  in  certain  realms  of  advanc~d  technology: 
semiconductors  for  example. 
Moreover,  the  habit  of  a  certain protection against  foreign  competition 
within  national  borders  has  created  introverted  behavior  1n  a  large 
portion  of  the  industrial  fabric,  thereby  reducing  the  tendency  to 
cooperate,  notably  in S  ·&  T matters,  as  testified  by  the  weak  development 
of  technological  joint ventures,  compared  to  what  we  observe  in  the  United 
States  or  in Japan. 
Only  the  firms  which  have  learned  to  act  beyond  borders  and  to  go  get 
technologies  wherever  they  are  in  the  world,  are  capable  of  bypassing 
these  obstacles.  But  they  then  are  sometimes  more  tempted  by  direct  access 
to  the  world market  than  by  a  limited action within  the  European space. 
The  absence  of synergy  in public  action 
It  is  true  that  recently  we  have  witnessed  a  certain harmonizing  of  S&T 
policies.  Nonetheless,  the  traditions  of  g6vernmental  action differ,  just 
as  do  the  structures  of  research  systems.  The  result  is  a  staggeri.ng  in 
the  implementation  of  incentives  and  the  instruments  utilized  are  of  fen· 
different.  Sometimes  even  orientations  are  divergent.  Incentives  and 
support  provided  by  the  public  authorities  are  thus  limited  to  the 
national  perimeter and  do  not  have  the  repercussions  of  measures  taken  by 
the  American  Administration or  the  Japanese  Government. 
Moreover,  political  parcelling  often  implies  the  duplication  of  S&T 
activ1t1es  in  realms  where  the  public  powers  are  the  main  customer.  This 
is  very  often  the  case  with  respect  to  military  equipment,  a  field  in 
which  cooperation  is 'still  an  exception.  But  the  absence  of  cooperation  is 
also  noted  in certain civil domains,  for  example  railway  transport,  a 
field  in which  up  until  recently,  competition  between  nations,  tempered  by 
serveral  only  too  rare  exceptions,  was  the  rule.  The  amounts  at  stake  in 
this  respect  are  huge,  and  the  duplication of  activities  appears  as  a  real 
problem. 
Thus  political  parcelling  reduces  the  effectiveness  of  S&T  act1v1ty  in  the 
European  space  and  lead  to  a  shadowing  of  the  quantitative  comparisons  of 
the  preceding  section  which  looks  upon  Europe  as  though  it  were  .a 
homegeneous  whole.  We  shall  see  in  the  second  portion  that another  factor 
is  to  be  taken  into  consideration in comparisons  with  the  US  and  Japan 
we  are  speaking of  the  very  rapid  progress  achieved  by  these  two  countries 
toward  greater effectiveness  of  their  S&T  apparatus. 
444 